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CAUTION 


This power unit muit be properly installed and properly operated 
to insure the bast performance. 

Improper installation, lack of proper routine attention, or the use 
of Improper oil or fuel may result in failure of the equipment when 
urgently needed. 

STUDY THIS INSTRUCTION MANUAL THOROUGHLY 


SAFETY NOTICE 

1. DO NOT ATTEMPT ADJUSTMENTS OR CHANGES ON WIRING 
WHILE THE POWER UNIT IS IN OPERATION. THIS UNIT 
GENERATES HIGH VOLTAGE, -SO THAT SEVERE t AND POSSI- . 
BLY FATAL SHOCKS MAY BE ENCOUNTERED ESPECIALLY 
WHEN POWER UNIT IS OPERATING ON WET OR DAMP 
GROUND. ALWAYS DISCONNECT THE BATTERY BEFORE 
WORKING ON THE UNIT. 

2. SUFFICIENT AND PROPER VENTILATION MUST BE PROVIDED, 

IF THE POWER UNIT IS OPERATED IN A CONFINED SPACE. 

3. EXHAUST GASES PRODUCED ARE POISONOUS, AND EXCES¬ 
SIVE INHALATIONS MAY RESULT IN SEVERE SICKNESS OR 
DEATH. PIPE ALL EXHAUST GASES OUT OF DOORS. 

4. DO NOT SERVICE WITH GASOLINE WHILE POWER UNIT IS 
RUNNING OR IF A RADIO TRANSMITTER IS OPERATING IN 
CLOSE PROXIMITY TO POWER UNIT. AVOID SPILLING GASO¬ 
LINE ON A HOT ENGINE. 

5. OPERATOR SHOULD OBSERVE EVERY STANDARD SAFETY REG¬ 
ULATION WHILE OPERATING THIS POWER UNIT. 
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DESCRIPTION 


1. General— 

s. Description. —Power Unil JWC4-10S-3, Fiji. 
1 and 2. i> a complete electric generating plant It 
conatsta of an engine and a* generator with the 
necessary anemones and controls, ali mounted in a 
metal bousing with a skid base. 

b. Output Re ting. —Power Unit JWC4-10S-3 
supplies 127,-220-volt, 4-wire. 3-phaae, 60-cycle, alter¬ 


nating current. The rated capacity is 10 K.W. at 
unity power factor. 

c. Purpose. — Power Unit JWC4-10S-3 is used to 
furnish electricity to operate radios, signal systems, 
lights, motors, healing units, other appliances, and 
for testing purposes, where power line service from 
a large power station is not available, or upon failure 
of such power line service. 


--it 


2 . List of Components.— 


Quan¬ 

tity 

Article 

Width 

Length 

Height 

Weight 
in Lbs. 

1 

Power Unit JWC4-10S-3 

28#' 

674' 

38*4' 

1556 

1 

Engine with accessories 

22 4' 

27* 

30*4* 

380 

1 

Generator with adapter 
ring. 

19* 

29V 

18*4' 

640 

1 

Radiator assembly 

814' 

20* 

23*4' 

35 

2 

Battery 

r 

10%' 

8* 

50 

1 

Fuel tank 

it 

2SV 

19%' 

20 

1 

Control panel assembly 


20* 

1614' 

25 

1 

Housing and skid base 

28*4' 

•7*4* 

38*4' 

307 


3. Engine.— 

a. Design. —The engine (Fig. 6) is of the 4-cyl¬ 
inder. 4-cycle, L-bead, water cooled, automotive 
type. It furnishes the power which drives the main 
generator to which it it direct-connected. It also 
drives certain necessary ac c esso r y equipment. It is 
designed to operate on regular gasoline of 70 to 80 
octane. , 

b. lUting.— The engine is rated 35 horsepower 
at normal operating speed of 1800 r.p.m. The speed 
is controlled by a fly-weight mechanical governor 
which is driven by a V-beJt from a pulley on the 
crankshaft. 

c. Cooling system.—The water cooling system 
includes sn automotive type radiator, fan and pump. 
The fan is mounted on the extended pump shaft 
and both fan and pump are driven by a V-bdt from 
a pulley on the engine crankshaft. Cooling air it 
discharged forward through the radiator. A thermo¬ 
stat in the water outlet elbow at the lop of the 
cylinder bod controls water circulation. 

d Oiling System — Main, connecting rod and 
camshaft Varings are lubricated by oil pressure 
supplied by a gear type oil pump. Other internal 
parts are spray lubricated. An oil Alter is mounted 
on the left aide of the engine. A bayonet type oil 
level gauge is mounted in the oil filler tube. 


e. Fuel System. —The fuel supply system in¬ 
cludes a 10*2 gallon fuel tank mounted over the 
generator, a diaphragm type fuel pump, a downdraft 
type carburetor fitted with a combination oil-type 
air cleaner god silencer, and an automatic electric 
choke. A fuel filter screen, glass sediment bowl and 
shut-off valve are mounted under the fuel tank. A 
valve permits connecting an auxiliary fuel lank, if 
desired. 

I. Fuel Consumption. —Fuel consumption at 
full load is approximately 1.9 gal. per hr.: at half 
load, 14 gal. per hr.; at no load. 1.1 gal. per hr. 

g. Ignition System --A battery ignition system 
is used. An ignition umi is mounted on the left side 
of the engine, driven by a gear on the camshaft. 
This unit includes the breaker mechanism, con¬ 
denser and high-tension distributor. A governor in 
the lower part of the distributor case advances the 
timing of the spark as the engine speed increases. 
The ignition coil is mounted near the distributor. 
Suppressor* on the spark plug cables snd on the 
renter cable of the distributor reduce radio inter¬ 
ference. 

h. 12-*oIt Bettery System.— The 12-voll stor¬ 
age battery, consisting of two 6-volt automotive 
type batteries connected in series, is mounted in 
front of the fuel Unit. The storage battery supplies 

1 


I 



carburetor 


RADIATOR GRILLE 


ENGINE GOV.. 


/ " 


IjS/i »*V'i r 

7 **/. .v k/ 

^ irs. x3: 


.•ATTCRT 


CRAMRCAfcE 
VENTILATOR 
METERING VALVE 


0~ r • 


EXCITER 


ALTERNATOR 


FIG. 1 POWER UNIT JWC 4 - 10 S -3 (RIGHT SIDE) 


REAR HOUSING TOP 


rFUEL TANK 

.fueltank cap 


r r ull i Ann wnr 

P PLATE,^ y ^ 


NTROL PANEL- 


CONTROL PANEL 
FRAME-- 


> !*»» —7 

\ w 

, «• . I 

*c - ^ 

>/'0 r- 


w—FRONT 
HOUSING TOP 
". PLATE 


NS 


PARTS BOX* 


plate 

Jj_ 1 » FILTER 

T'- ; '^ : ^^pO«L FILLER TUBE 

\ ——A i CRANK 

. ! V ___ i '&~~EXH*UiT 

l 0UTLET 

V— Pediment bowl 

'“GENERATOR 



2 








DESCRIPTION—Continued 


power for electnc cranking, automatic choking and 
far ignition during the atariing period. It ia re¬ 
charged by current supplied by the cabling gener¬ 
ator. The charging ia controlled by the battery 
charging relay and the battery charging regulator 
and resistor group mounted on the rear of the control 
panel. The exciting generator has a special aeries 
field winding and operates as a motor for cranking 
the engine electrically. 

4. Generator.— * 

a. AurpoM—The generator supplies the alter¬ 
nating-current power output of the power unit. This 
generator assembly really consists of two individual 
generators, the alternator and the exciter, (Pig.'2). 

b. Alternator.— The alternator consists of two 
major parts, the revolving field and the stationary 
armature. It ia in the windings of the stationary 
armature that the alternating current ia generated. 
These windings are connected directly to the term¬ 
inal block on the control pane). 

c. Etciter. —The exciter ia attached to the outer 
end of tB^alternator and supplies the direct-current 
used to excite the revolving field. The exdler also 
supplies current for recharging the battery, for igni¬ 
tion and for operating certain controls while the 
engine is running. It operates as a motor for the 
purpose of cranking the engine electrically when 
starting tkt power unit. 

d. Design.-—The alternator frame is attached to, 
and supports, the rear end of the engine. The re¬ 
volving field of the alternator and the revolving 
armature of the exciter are mounted on the same 
shaft. This shaft ia driven by a steel disc connected 
to the shaft and to the engine flywheel. The rear end 
of the shaft ia carried by a grease-sealed hall bearing. 
A flywheel blower circulates cooling air. 

e. Rating —The generator supplies 127/220-volt, 
4-wire, S-phase. 60-eyde, alternating current. It is 
designed to operate with a full load temperature 
rime not to exceed 40* C. 

/. Regulation .— 

(1) Voltage Regulation. —The output voltage 
regulation of the generator after reaching normal 
operating temperature ia within the limits of approx¬ 
imately 235 volts at no load to 215 volts at full load 
at unity power factor. Regulation is due to inherent 
characteristics obtained by strongly saturating cer¬ 
tain parts of the magnetic circuit. 

(2) Frequency Regulation. — frequency reg¬ 
ulation depends on the regulation of the engine speed, 
and is withih the limits of 1 to 1 cycles per second, 
plus or minus, when sdjusied for a no-load frequency 
below S3 cycles per second and a full-load frequency 
above 59 cycles per ascood. 

f. Controls.— 

a. Purpose .—Certain controls are used to start 
and stop the power unit. Others regulate it auto¬ 


matically under normal operating conditions and 
protect it against heavy overload, high water- tem¬ 
perature and low oil-pressure. Much of the cootrol 
equipment is mounted on the control panel for con¬ 
venient use. Other controls are necessarily located 
at different places on the power unit. 

b. Control Renal Equipment. —The following 
pieces of equipment are mounted on the control 
pane). (See Figs. 2 and 4). 

(1) A.C. Voltmeter. —0-300 volts scale, indi¬ 
cates the output voltage. Selector switch permits 
connecting with any one of the three load phases. 

12) A.C. Ammetert .—0-50 ampere scales, in¬ 
dicate the load amperes for each of the A.C. OUT¬ 
PUT terminals A. B. and C. 

(3) Fuel Gauge. —Indicates the supply of fuel 
ia the tank. 

14) Battery Charge Rate Ammeter. — Indi¬ 
cates the rate of battery charge and discharge. 

(5) Engine Oil Pressure Gauge. — Indicates 
the operating pressure of the engine lubricating 
system. 

(I) Engine Water Temperature Gauge. — 
Indicates the temperature within the engine watv 
jacket. 

(7) Voltmeter Selector Switcha s.—Serve to 
■witch the A.C. VOLTMETER to any ooe of the 

three phases. 

(t) Circuit Breaker. — Serves as the load 
switch, trips automatically when the power unit is 
heavily overloaded. 

(9) St art-St op Switch. —Serves to start and 
stop the power unit. 

(10) Manual Start - Remote Start Switch.— 
Serves to switch the ignition circuit to Manual Start 
position ns required for hand starting. 

(11) Relay. —Control various bran to. 

(12) Battery Charging Regulator and Re¬ 
sistor Group.— Regulates the battery charging rate. 

c. Miecellanaoue Control Equipment.—The 
following control devices are located at different 
places on the power unit. (See Figs. 5 and «». 

(1) Low Oil Pressure Cur-Off Switch .— 
Stops the power unit if the oil pressure drops to 
approximately 4 lb*. per aq. ia. while the power 
unit is in operation. 

(2) High Water Temperature Cut-O/f 
Switch .—Slope the power unit if the water temper¬ 
ature rises too high. 

(3) Electric Choke. —Chokes the carburetor 
automatically when the engine is cranked electrically. 

(4) Engine Governor.— Regulates the engine 
speed and the frequency of the a-c output. 
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FIG. 3 CONTROL PANEL 











FIG. 5 RIGHT SIDE OF ENGINE 
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(5) O* 0 tape*d Govrnot. — Limits the top 
*P<^ of the *npw if the Ruin governor fails. 

' 61 N*** Control Vml*m —Diverts hot nktut 
gas to beat the inuke manifold dunng the warm-up 
period. 

(7) Ctonkeo— Vonttlotor Mritrin/ K«h*._ 

Controls the flow of ventilating air from valve spring 
chamber to the intake maiufold. 

4. Housing.— • 

The complete cngine^gr aerator unit with con* 
trols is mounted in a steel housing with steel skid 
base. The bousing serves as radio shielding, helps 
direct cooling air currents and provides some pro- 


teel.on against mechanical and other damage. Top 
and side panels are removable to permit inspecting 
and servicing the power unit. The fuel lank cap 
projects through the lop of the housing. A grille at 
the front end protects the radiator and is provided 
with a grooved frame to which a canvas duct may be 
t*ed to convey healed air outside the room The 
control panel is inset at the rear end of the housing 
and protected by a sliding door. fVovision is made 
lor inaming a starting and for manua „ 

operating the choke from the front end of the hou*. 
ing. hi rial compartments for tools and pans are 
built into the bousing. The inverted U-bolt of the 
lifung yoke eitends through the lop of the housing 

y “ WUB * COO ’ pl * Uly ****** 
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INSTALLATION AND OPERATION 


7. installation.— 

m. Handling the Uncrated Fo war Unit.—The 
•kid base per mi u towing the power unit short 
distances over firm .ground with truck or tractor In 
very sandy or soft, muddy soil it may be nectasary 
to lay down planks over which to skid it. Attach 
*®w rope or chain at one end of the skid base. 
Use a long hitch and go slowly. To hoist the power 
unit, attach a hoisting chain to the inverted U-bolt 
which eilends above the top of the housing. Rollers 
may be used under the metal skid base. 

». Importance of Proper Installation. — 
Although the power unit is built to rigid speci¬ 
fications and carefully tested and inspected before 
leaving the factory, it cannot function property 
the best service unless the operating con¬ 
ditions are reasonably favorable. Many of these 
conditions depend entirely on the in«i.»H nipn The 
instructions which follow apply under usual condi- 
tiona. When they cannot be followed exactly, use 
them as a guide and make the bast installalion’that 
> permit. 


e. Choice of Location .— 

(1) Malation to Load. —Locate the plant as 
the center of the load as practicable. This 
1 * owtr mth a given sue of wire and 

improves the control of voltage at the remote end 
o! the hnes. The sue of line wires required depends 
largely upon the distance from the power unit to 
the load, the amount and land of load and the per- 
m isaible voltage drop between power unit and load. 
Be sure to uae wire that is large enough for the 
purpoae. II you do not kaow the proper size of wire, 
refer to the wiring tables m Section V of this 

Electrical Connection a. — Connect the 
load wires to the A.C. OUTPUT termini posu 
below the control panel. See the wiring diagram. 
One of the phase wires should be connected to each 
of the terminals A. fi. and C. The neutral wire, if 
need, should be connected to the NEUTRAL ter¬ 
minal post. Use wue that is of proper axe tor the 
load. If the correct wire axe is not known, the wiring 
tables hi Section V may be used as s guide. 

. * Aemo/e Control —If it is desired to start 

■nd stop the power unit from one or more remote 
points, it will be necessary to install remote start 
and stop switches at each of the remote points ,nd 
to connect them with the REMOTE CONTROL 
terminals. iFig. 3), below the control panel of the 
power unit. Use 2-pole push button type switches, 
one for^starting and one for stopping. Connect the 
insulated terminal of the starting switch to the 
REMOTE CONTROL terminal^ Con^t £ 


insulated terminal of the stopping switch to the 
REMOTE CONTROL terminal B. Connect the 
REMOTE CONTROL Urmm .1 w £££ £ 
wire to both remaining terminal* of the two twitches. 
N’o. 16 wires will serve for these connections up to 
150 feet. Support them properly. Thewe wires are 
connected with the 12-volt battery circuit. 

(4 \ The fiower unit should set approximately 
level when in operation even though mounted in a 
trailer. 

(5) Surrounding Condition s—The circum¬ 
stances under which power uniu are used vary 
Sreatly, but tor best results you must provide the 

mOU Uvof * b k conditions that dreum- 

•Laoces permit. The housing on the power unit pro- 
t * ct * ' * llut ** can be operated out-of-doors, if 
* vecie34 *cy. but rain, snow, dust and grit and ex¬ 
tremely cold weather are very unfavorable to satis¬ 
factory operation and long life. 1/ drcumstancM 
Peewit, it would be des i ra ble to install the power 
unajnside a building or imsde a mobile vehicle. 
OUerve all safety precautiona mentioned ia this 
“coon hanng reference to the dangm of exhaust 
— fire hazards, etc. 


d. Indoor Installation .— 

<1) Space Requirad.—If the power unit is to 
be permanently installed, provide an indoor loca¬ 
tion. This is particularly important in cold climates. 
IWid. a floor space t x 12'. or.larger, in use 
install the power unit lengthwise in the *pace and at 
***** 24 * from the nearest wall or partition, to pro- 
nde easy access for servicing. Usually the left side 

°! lt * f 0 "** *“*• “ 'irwed from the engine end. 
should be toward an outside wall so that the exhaust 
line can be extended outdoors conveniently. Provide 
wenu*atioo, at least s door and a window oa different 
•d« of the room, so that the room temperature may 
be controlled. If oecemary. in order to prevent too 
treat a rise in room temperature, attach a canvas 
duct to the radiator grille and to s wall opening at 
least as large, so that the heated air will be conducted 
outside the room. 

(2) Foundation .—Attach the power unit to a 
firm level base. The base must be strong enough to 
P*rm*nemly support the weight of approximately 
1800 pounds. It may be made of concrete or heavy 

* hotjW about 10 inches above 

the floor level for convenience. Shock absorbing 
Material may be used between the plant and the 
base, if desired. 

(3) Exhaust — Exhaust gases are deadly poi¬ 
sonous Pipe them outside the building. A 10' length 
of flexible exhaust line is furnished with the power 
unit. Connect one end of this to the exhaust outlet 
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INSTALLATION AND OPERATION—Continued 


located near the lower left front corner of the power 
unit. The exhaust pipe must extend outside the build- 
in* by the most direct route practicable. If additional 
pipe is necessary, increase the axe by one pipe size 
for each additional 10" length. The additional pipe 
may be any suitable pipe of proper su. Be sure that 
all connections are mechanically secure and 
ftas tight. Avoid unnecessary turns. Pitch the pipe 
downward from iu connection at the power unit, if 
possible. If necessary to pitch the pipe upward, install 
a condensation trap in the line at the point where ^Se 
upward pilch starts. This trap may be assembled 
of suitable pipe fittinga Iu purpose is to catch water 
that condenses in the exhaust line and prevent iu 
running into the muffler of the power unit. The trap 
must be drained periodically to perform this func¬ 
tion. An exhaust line gets hot. If h passes through 
an inflammable wall, partition or Boor, install it in 
metal collars so as to separate it at least several 
inches Irom the inflammable material. Support the 
pipe securely at necessary points. If necessary, shield 
the pipe aa nobody will get burned by contact with it. 

(4) Auxiliary Fuel Tank .— P rov i sion is nude 
for connecting an auxiliary fuel tank, if desired. 
Install the hid tank out-of-doors, if p~rrHr. but 
not farther from the power unit than a 20 ft. fuel 
line will permit. If a longer fuel line is used, the 
pump may fail to keep the carburetor supplied with 
fuel. The bottom of the fuel Uak should not be more 
than 6’ below the fuel shut-off valve at the power 
unit. Be sure that the fuel line has a continuous 
downward pitch from power unit to tank. If the 
fuel line attaches to a fitting at the top of the aux¬ 
iliary tank, there must be a suction tube inside the 
tank extending from the fitting to within an inch 
or two of the bottom of the tank to that the fuel 
may be drawn from the tank by the pump. Do not 
install the tank nanr the »**««■—i line. The tank 
must be vented. 

>S) Electrical Connections.—Make sure that 
all electric wires entering the room and within the 
room are properly supported and insulated. Do not 
use wire that is too small. See Table of Maximum 
Safe Carrying Capacities for Inside Wiring in Sec¬ 
tion V. Make sure that ail eonnactions are mechan¬ 
ically and electrically secure. 

#• Mobile Installation.— 

(11 Mounting. —Attach the power unit securely 
to the floor or other supporting member of the vehicle 
in which it is installed. It should he so that ‘ 

it will set approximately level when in normal oper¬ 
ation. Take full advantage of the available in 
locating the power unit so as to ■ provide proper 
ventilation and space for servicing. Use as much of 
the'10' length of flexible exhaust lube as needed 
and pipe the exhaust gases outside the vehicle. * 
• 


Keep this pipe at least several inches Irom inflam¬ 
mable material and support it securely so that it 
will remain permanently in place. This is impor¬ 
tant because exhaust gases arc deadly poison¬ 
ous. 

(2) Caution.—Do not run the vehicle Into 
• closed building and operate the power unit 
without carefully attaching an etieoaioa ex¬ 
haust line that will carry all the exhaust gases 
outside the building. The sue of this extra piping 
should be increased one pipe mat for each 10' of 
length. 

(ft) Ventilation.—II the vehicle is a dosed 
one. proper ventilation must be provided. This will 
require at least two openings, an inlet and an outlet, 
near opposite ends of the power unit. Several smaller 
openings will serve, if necessary, but there must be a 
total of at least *4 square feet of opening far the 
inlet and a similar amount for the outlet. If necessary, 
connact a canvas duct to the radiator grille and the 
outlet opening in such manner that the heated air 
is forced outside the vehicle and thus prevented 
from recirculating. 

14) Wiring. — Support all permanent wiring 
within the vehicle so that vibration will not dmtroy 
the insulation or break the sruex. Wiring is easily 
run in any direction. Do not let iu location interfere 
with convenient servicing of the power unit. If 
power is taken off the power unit by flexible cable, 
provide a rad far the cable and store it in such loca¬ 
tion while in transit that it will not become damaged. 
Do not store other items on. or against, the power 
unit, or looody within the comportment in such 
manner as to risk damaging the unit while in trarwiL 


t. Preparation for Use.— 

• * 

a. Procedure .—Comply with the following in¬ 
structions in the order given: 

(1) Installation .—Rechock to make sure that 
all instructions for installing the plant as given in 
paragraph 7 have been complied with. 

•2) Side Panels .—Remove the aide pends of 
the housing. 

(Si Manual Start-Msaiota Start Switch .— 
Open the control panel door and make an the 
MANUAL START - REMOTE START ignition 
switch is on the REMOTE START position. This 
switch must be on the REMOTE START position 
at all limes except while starting the power unit by 
hand cranking and for emer g e n c y operation as ex¬ 
plained in paragraph 9. 

•4» Crank Manually .—trad the engine over 
a few times with the hand crank to make sure that 
the pistons are free and that the generator turns 
freely. You will find the hand crank attached in front 
of the engine oil pan inside the housing. Keep it 
there alien not in use. 



INSTALLATION AND OPERATION—Continued 


(5) Battery .— Prepare the hatu-ry for u&e. . 

ft The battery is of the dry-charged type, 
shipped with plates in a partially t barged condition. 
A card attached to the battery gives the manufac¬ 
turer's instructions lor preparing the battery lor 
service. 

lb) The electrolyte (o lie used is diluted sul¬ 
phuric acid having a specific gravity of 1.2CS at 
Mf* F. It is packed in a separate container. In tropical 
ill mates, use electrolyte having a specific gravity o! 
I-200. produced by mixing 10 parts oI the 1.2C5 
electrolyte with S parts of water. Be sure to use 
distilled water, or other water known to be suitable 
lor use in a lead-acid storage battery. Add ike acid 
very slowly to the water. Never add the water tc 
the acid. 

te) Remove the vent capi. Remove and de¬ 
stroy the Scotch.i^pe which covers the vent holes. 
FiH each cell with the correct electrolyte to a level 
inch above the tope of the separators. Replace 
the vent raps and lighten securely. Be sure the 
Scotch tape baa been removed. 

id) If the battery is filled with 1.200 elec¬ 
trolyte, for ItopicaT use, sump the numeral one (1) 
on the lead lop connector at the positive cell for 
the information of anyone servicing the battery in 
the future. This number may be stamped with the 
end of a satwdriver or small chisel. 

fe) If possible, allow the battery to stand 
from 4 to 12 hours after filling before placing in 
aervice. In an emergency, the battery may be placed 
in service 1 hour after it has been filled with proper 
electrolyte, however, this is not good practice. 

(/) If possible, give the battery a freshening 
charge of from 14 to 20 hours at 6.0 amperes before 
placing in aervice. J^l will give satisfactory results 
without this charg* if the battery temperature is 
above 60* F. If the battery temperature is below 
50* F. it must be given a freshening charge in order 
to give satisfactory aervice. If temperatures are 
below 50* F. and no outside source for charging the 
battery is available, warm both the battery and the 
electrolyte to at least 50* F. before filling. Caution: 
Do not put cold electrolyte into a warm battery, 
or warm electrolyte into s cold battery, as severe 
damage will result. 

r 

(4) If the battery has been filled with 12C5 
electrolyte, it may be considered fully charged when 
the specific gravity, corrected to 70* K.. is between 
1-270 and 1.26S. If it has been filled with 1.200 elec¬ 
trolyte, it may be considered fully charged when the 
s^N-iftc gravity, corrected to 70*. F. is between 1.210 
and 1.225. At this point the terminal voltage of 
each cell should read not less than 2.5 volu while 
the battery is on charge at a 6.0 ampere rate. 

(A) Whenever charging the batten' from an 
outside source, keep the temperature of the electro¬ 


lyte below 120* F. If (his temperature esreed* 12<»’ 
F.. reduce the charging rate until the temperature 
drops below that figure. 


(it Wash the lop of the battery with water 
and lighten the vent plugs before placing in service. 

tj) The negative battery cable is grounded 
to a rear cylinder-head stud. Connect this cable to 
the negative f—) post of the left-hand battery unit. 
Place this cable in such position that it will not 
interfere with removing a vent cap. Connect the 
ptailive f +• / battery cable, which is attached to the 
left terminal of the solenoid starting switch, to the 
positive l+j post of the right-hand better)*. The 
shurl connecting cable connect; the f-ositive f-e; 
post of the left-hand battery unit to the negative 
f— t post of the right-hand battery unit. If it has Leen 
disconnected while servicing the battery, replace it. 
Place all the cable connectors well down around the 
banco' posts and tighten the boils securely. 

<6/ Electrical Connection*. —Check all elec¬ 
trical connections to mske sure they are tight and 
clean, including those of distributor and spark plugs. 

(T) Crankcate Lubrication .—Fill the crank¬ 
case with oil to the Fl’LJL level, as indicated by the 
bayonet gauge. (Approximately + quarts required . 
L«e good, clean, engine oil, crankcase grade, of 
proper S.A.E. number according to the lowest tem¬ 
perature to which the power unit will be exposed, 
as indicated in the following table: 


Temperature 
Above 32* F. 

Between 0* F. and S2‘ F. 
Below 0*F. 


S.A.E. Number 
S.A.E. No. 30 
S-A.E.'Xo. 10 or 10W 
S-A.E. No. 10 or 10W 
diluted with Hfj 
kerosene as in¬ 
structed in para¬ 
graph 9 i tl i ;c). 


Caution: Do not put diluted oii into the engine until 
ready to start it, as it may separate if allowed tc 
stand too long before use. Mix well just before pour¬ 
ing into the engine. Special instructions for pre¬ 
paring and using this mixture are given in oaracraph 
9 i ill (ai through tg». Refer to <Fig. 43i Lubrica¬ 
tion Chart and Assembly Outline in connection with 
crankcase and other lubrication. 


(6) Air Cleaner.— Remove the oil cup from 
the intake-air-cleaner and fill to the proper level a t 
marked on the cup, with oil of the same grade as 
used in the crankcase. Replace the cup. making sure 
that the snaps hold it securely is place. 

19) Throttle Control Rod Ball Joint*. — 
Place a drop of light cylinder oil in each ball joint 
of the throttle control rod and check to make sure 
the throttle mechanism moves freely. 

(10) Ignition Unit .— Place 5 drops of light oil 
in (he oil cup on the side of the ignition unit. 
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(11) Water Dimiix Cock*. —Close the aaler 
drun cock at the lower radiator connection and the 
water drain cock on the left aide of the cylinder 
block. 

<12> Rediator.— Fill the radiator to one inch 
below the bottom of the radiator neck with clean, 
alkali-free water. Distilled or rain water may be 
used. If there is danger of freezing use a standard 
ami-freeze solution in proper proportion. Carefully 
check all connections for water leaks, correcting 
any found. The capacity of the cooling system is 
1 SU quarts. 

1 131 High Water Temperature Cut-Off 
Switch.—Set the dial of the high water temperature 
cut-off switch to indicate a temperature several 
degrees Fahrenheit below the boiling point of the 
liquid used far cooling. For water, at sea level, the 
setting should be 208. This should be decreased S 
degrees for each 1000 feet above sea level. 

(14) Circuit-Breaker. —Make sure that tbs 
CIRCUIT BREAKER hamtu u m the OFF posi- 
tion so that the load is not connected to the alter* 
nator. 

(15) Load Wire•. —Check the load wires for 
proper Conner lions. 

(16) Close Fuel Shut-OB Valve.— Close the 
2-way fuel shut-off valve located under the main 
fuel tank. The lever handle extends rearward when 
the valve is dosed. 

(17) Fuel Tank. —Fill the main or the auxiliary 
fud tank, or both, with a good grade of gasoline, 
observing the usual safety precautions In the 
handling of this fueL 

mi Highly leaded fod is not required and should 
be avoided if possible. Due to the action of the lead 
in the combustion chambers, on the valve seats, 
and on the spark plugs, such fuels cause engine 
performance to deteriorate more rapidly than normal. 

(18) Open Fuel Shul-OB Velvet.— Open the 
2-way fud shut-off valve to the position correspond- - 
ing with the fud Unk which is to be used. The 
lever handle must extend down if the main Unk is 
to be used; forward if the auxiliary Unk is to be 
used. Make sure that the fud shut-off valve at the 
top of the sediment bulb is open. 

(19) Fuel Pump.—By moans of the lever on 
the side of the fud pump. (Fig. 5), pump the car¬ 
buretor bowl full of fud. If the engine camshaft 
seu so that the pump diaphragm is in iu lowest 
position, the lever will not operate the pump. In 
that case insert the hand crank and crank the engine 
one complete revolution. Then the pump can be 
operated by the lever. Always push the lever down 
after pumping. If left up, the pump will not be 
operated by the engine. Examine the entire fud 
system for leaks and correct any found. 
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9. Operation.— 

• 

а. Preliminary. — When the instructions far In¬ 
stallation and Preparation for Use, paragraphs 7 
and 8, have been complied with, the power unit is 
ready for use and may be started. If the power unit 
was prepared for cold weather operation, the initial 
filling with diluted oil may have been left to be 
done immediately before starting the power unit. 
Check the oil levd by means of the bayonet gauge. 
Make sure that the crankcase is filled with proper 
oil to the FULL mark on the gauge before Lttsmpting 
to start the power uniL 

б. Starting tha Power Unit Electrically.— 

(1) Circuit-Breaker. — Make sure that the 
CIRCUIT BREAKER (Fig. 3) is in the OFF posi¬ 
tion. 

(2) Manual Start-Remote Start Switch.— 
Make sure that the MANUAL START-REMOTE 
START switch is in the REMOTE START pod lion. 

(3) Start Button.— IVess the START button 
firmly until the engine starts and builds up oil 
pressure, but not more than 10 or 15 seconds. Chok¬ 
ing is automatic and the plant should start at once. 
If it fails to start, wait 10 seconds and then repeat 
the procedure. If the START button is released too 
soon the ignition will be cut off and the engine will 
stop. If the plant does not start after a few attempts, 
check the fuel supply and the ignition wires and then 
repeat the starting procedure. NOTE: Oil was 
placed in the cylinders before shipping and in 
some cases it may be necessary to remove and 
clean the spark plugs before the engine will 
start the first time. This may be done by wash¬ 
ing thoroughly la gasoline. 

c. Starting tha Powar Unit Manually. — In 
case the starting battery does not furnish sufficient 
cranking power, the plant may be started by hand 
cranking. However, the battery must furnish enough 
power for ignition. If it does not. it must be re¬ 
charged from a separate source or replaced with a 
charged battery. To start the plant manually, pro¬ 
ceed aa follows: 

(1) Circuit- Braakar. — Make sure that the 

CIRCUIT BREAKER is in the OFF position. 

(2) Manual 5larf-8*«io(« Start Switch .— 
Throw the MANUAL START-REMOTE START 
ignition switch to tbs MANUAL START position. 

(3) Cranking. —Insert the band crank and 
crank the engine. Do not spin or push down on the 
crank. Use a strong, quick, upward puil. Repeat aa 

(4) Choking .—Choke ss necessary by means 
of the choke control si tbs front of the housing. 
Open the choke gradually aa soon as the engine 
starts. 


INSTALLATION AND OPERATION-Coniinued 


(5) Manual Start-Remote Start Switch- 
Running Font ion .— After ihe engine ha* been 

•Urted. throw the MANUAL START-REMOTE 
START twitch to the REMOTE START position. 

d- Operation A/tar the Engine Starta. —Check 
the oil pressure gauge immediately alter starting 
the engine. Pressure will be high until the engine 
warm* up. Observe the readings of gaugss and meters 
on the control panel as a check on the normal oper¬ 
ation of the power unit. Normal readings for the 
various instruments after the plant reaches p mwti sI 
operating temperature are given here. 

(1) ENGINE WATER TEMPERATURE, 
about 175* F. 

(2) ENGINE OIL PRESSURE, about 22 
pounds. 

(S) BATTERY CHARGE RATE, 2 to 10 
•niperes, depends on the state of charge of the bat¬ 
tery. 

(4) FUEL GAUGE, indicates the supply of 
fuel in the fuel tank on the plant. Does not indicate 
the supply in the auxiliary fuel tank. 

(5) A.C. VOLTMETER, indicates the s-c out¬ 
put voltage. With a constant, unity power factor 
load, and after the power unit has reached normal 
operating temperature, the voltage should be be¬ 
tween the limits of approximately 216 volts at full 
load and 235 volts at no load. The voltmeter selector 
switch permits reading the voltage across any one 
of the three load phases. Setting the switch to pos¬ 
ition 1 connects the voltmeter acrom load phase B-C 
(•ee winng diagram); position 2, phase A-C; posi¬ 
tion X, phase A-B. 

(6) A.C. AMMETERS indicate the a-c output, 
in amperes. Each of the three ammeters indicates 
the amperes for the A.C. OUTLET terminal to 
which jf. is connected. The upper ammeter serves 
for terminal B (see wiring diagram); the lower 
right ammeter for terminal A; the lower left am¬ 
meter for terminal C. Full load for any one terminal 
is 26.5 amperes. Three-phase load will register approx¬ 
imately equally on all three ammeters. A single- 
phase. 290 -volt load will register on only the two 
ammeters corresponding with the output terminals 
to which the single phase load is connected. A single- 
1*^**' 127-volt load will register on only the one 
ammeter connected in the phase to which the single- 
phase load is connected. As far as practicable, single*- 
phase load should be distributed approximately 
equally on the three phases to maintain a balanced 
condition. In any case, an individual ammeter read¬ 
ing should not exceed S2.5 amperes, which m an 
overload of 25% for the load phase to which it is 
connected. 

e. Connecting the Loed. — Throw the CIR¬ 
CUIT-BREAKER control handle to the ON position 


to connect the load. The CIRCUIT-BREAKER 
will open and disconnect the load automatically if 
the power unit is heavily overloaded. Throw the 
control handle to the OFF position to disconnect 
the load when desired. 

/. Hounng Side Pa nett and Top Plate s.— 
Keep the side panels and top plates on the housing 
except while servicing. They help to direct the cool¬ 
ing air properly and to reduce radio interference. 

g. Stopping the Power Unit.— To stop the 
power unit, press the STOP button on the control 
panel. The MANUAL START-REMOTE START 
switch must be in the REMOTE START position 
before the power unit can be stopped by means of 
the STOP button. It is good practice to disconnect 
the load by throwing the CIRCUIT-BREAKER 
control handle to the OFF position before stopping 
the power unit unless the power unit is to be coo- 
trolled from a remote point. 

A. Remote Control. —The remote-control push 
button switches which may have been installed at 
remote points perform the same functions as the 
START and STOP buttons on the control panel 
and are used in the same manner. The CIRCUIT- 
BREAKER must be left in the ON position if the 
plant is to be operated by remote control. 

*'■ Abnormal Operating Conditions.—Temper- 
atures below 0* F. require special attention in regard 
to lubrication and cooling liquids. Unusually dirty 
and dusty operating conditions, which sometimes 
cannot be avoided, require extra attention. 

(1) Lubrication .— 

(a) For temperatures below 0* F. use diluted 
oil in the crankcase to aid in starting and to assure 
proper lubrication. 

(h) If the crankcase is filled with undiluted 
oil, run the engine until warm. Then drain the oil 
and dose the drain valve, 

(e) Thoroughly mix 1 pint of kcroame with 5 
quarts of engine oil, crankcase grade. S.A.E. No. 10 
or 10W. If kerosene is not available, use 1 pint of a 
good grade of distillate instead. Do not use heavier 
than S-A.E. No. 20 oil as it may separate when the 
engine is stopped, thus defeating the purpose and 
possibly causing damage. 

(d) Fill the crankcase aith the diluted oil 
to the FULL mark on the bayonet gauge. 

(•) Run the engine 20 minutes to circulate 
the mixture throughout the lubricating system. 

(/> Never add kerosene slone. Mix the kero¬ 
sene with the oil before pouring into the crankcase. 
This applies also to the addition of diluted oil be¬ 
tween changes. 

U) ^ hen using diluted oil, change the oil 
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ever)' 50 operating hours and check the level each 
night and morning, or more frequently if experience 
shows it to be necessary. 

(2) Coohng System —The liquid in the cool¬ 
ing system must be protected if there is any possi¬ 
bility of its freezing. Use any good anti-freeze pre- 
pared as directed by the manufacturer. Common 
3 **es are alcohol, glycerin. Prestone and Zerone. 
Never use kerosene or distillate io the cooling sys¬ 
tem. 

(a) If the power unit has been used, drain 
and flush the cooling system with running water or 
a special flushing agent. Run the plant until warm 
before draining. Never flush a very coft plant with 
srater or any solution which may freeze upon con¬ 
tact with the cold metai and cause damage. 

tb) Close the drain cocks and fill the cooling 
system to a point one inch below the bottom of the 
radiator neck with water and anti-freeze in proper 
proportions, depending on the kind of anti freeze 
and the degree of protection needed. Do not ill 
to overflowing. 

(c) Check the cooling mixture often, both aa 
to the amount and the degree of protection. Provide 
protection enough to take care of any unexpected 
drop in temperature. 

(S) Dun and Dirt. —When the power unit is 
operated under dusty conditions it is necemary to 
check and service it more often. 


(e) Keep the plant as clean aa pomible. 

(b) Keep supplies of fuel and oil in air tight 
containers. 

<e) Clean the air cleaner and refill the oil 
cup aa often aa ia accessary. Check daily. 

lhe generator slip rings, commu¬ 
tator and brushes often. See that the brushes nde 
essily in their holders. 

Ill Engina Wata* Tampaiatura —The nor¬ 
mal Engine Water Temperature gauge reading after 
the power unit reaches operating temperature ia 
about 175* F. Under very cold operating conditions, 
cover a lower portion of the radiator surface with 
cardboard, if necessary, in order to raise the engine 
water temperature to at least 160* F. 

(S) Ematgancy Operation .—In case of fail¬ 
ure of the start relay or the ignition relay to dose 
the ignition circuit, the engine cannot be operated 

with the MANUAL START-REMOTE START 
switch in the REMOTE START position. Under 
this condition the power unit may be operated with 
the MANUAL START-REMOTE START sJuch 
in the MANUAL START position. It will be ncca 
siry to switch to the REMOTE START position 

STOP button. When operating with the switch in 
the MANUAL START podium, the High W.i£ 
Temperature Cut-Off switch and the Low Oil Prsa- 
surt Cut-Off switch do not operate. Extra attention 
should be given to avoid overheating and low oil 


It. Trouble and Remedy Chart.— 

SrwpiMn faaaibh Cmaaa 


Check 


12 





INSTALLATION AND OPERATION-'Continued 


St mumn 

E**»a» — •* 

a 


H*t ml 


Fawlkb Ciiiw 


CK^L 





Sforh | 


Valtta. 
V.I. 




U •». rrplrt eo*>4e 


T»H«ri» »w4 *4n—t»*t 


»i*d v 

Tam^u- 


!U luo IlflM. 

Oal fcaJtf AMU4. 
CM M la». 

(Mi 


ii 


0.1 WvM 
CM 


I wiik prmtm ail. 
Draia. rWkfl »>U p u pa «L 



CM tao ka»*7. 





•nl 


14 



INSTALLATION AND OPERATION—Continurd 


Symptom 


fmlMf Ciiim 


Check 


Rtm4r 


•Nr Net 
vatvet- 


ON leak* Iron. mi 


eihattM. 

0.1 l«o WgM < 


■TZ 

tmky 


ON pnwin loo I 


Faulty 

Unit 
deal at 
lend 

Too much 


Hand crank mth «*m- 
tion «If. not in* 
whether n *»( m niN 
uniform.I y |uN an 

tN (fJrtdm. 


ON | _ _ 

rtfuun to« mN Hut 
cannot utUrriac bt 
accounted far. 

ON I 


Volt motor nNmi ■•- 


Stark ftuft 


Ctikabka 
Operating c«*N>li 

Bayonet 


Tirl. an or rrt Jar* kea4 

|otM. Tighteo merit plug* 
A if two UpprU n at.fi not 


|uA (uriar\Mj«f- 
RrpUre gnNwta and taking 
taking. Tighten ami and 


Drain. nU nith centrt aN. 
Return a at la depot far 


Refer la eymptom of tagh «N 
prmaurr far nmdat 
Refer la tym pm u ta of eng.ae 


Ctnan. edjuet ar replace. • 
RenorfMe ar replace conLurU 

ltd adjet r»f< 

Replace defective ] 

No r e medy i 


Dram 


-T*‘ 


Ughta dim »t far end Tna 
ef line bat brigkt 


email hne ware lor Wire gin*. agio- load InMaJl »»*T"gr .rue n. gr 
nd and itiiTr—r and daounea. induce load. 


Too emaN fin* wan tar Wan I 
load and dataaca. g*d 


_at far end ml 

hne hat OK war 


li ^fif p ounding 


•at ane apnrk Return amt la depot far 


at n 


Low ml aaapply. 
LowaN | 


Bayonet 

ON 


ON kodly diluted. 


Add at. 

Refeeta rym ptom W^tow oN 
Outage aN. 


Dull 


tlmd.il 

tad may 

after lea 
•f er e u on 


Return anil to depot tar re¬ 
pairing u lti ma oar N lk» oe»t 
J rnnodiea pemur.er.Uj cor- 
eormru the trouble. 


o»fwoa*r»hen 
eotd ptaal brat 
(toned. 


Low aN 
ON badly 


Bayonet 
ON pram 


Add ml. 

Relm ta ermppemedtaw 

""Ton. 


kcardy 


Ca rb on at 


Spark loo tarty 
Wrong apork 
Spark pfugi 


Valve* Hot. 
FWt atale or I 





Retime i 


Inc tall Ctampma J-» 
laatal new p-uf*- 

Adjuo. ttppeta 

lav good, tmth lack 


Tapi el 
pnt. 

broken valve 


Tappet 

Valve 


HeHea c hr king 

I vnthmai 


heavy If 


oN w o 
levied Crank engine 
•till agnation ad lb 
iabnratepaMam Then 
Mart engine. If nta 


amir Night and 
« « Wen mginr * 


aar.nu-J.atr Mlenluut 

tHServur return 
depot tar repairing 




IUING CHAIN 
AMSHAFT ECCENTRIC 
CONNECTING ROD——: 


CRANKSHAFT 


OIL FLOAT ASSEMBLY 



FLYWHEEL 




e J?i 



■ / 

I 

n 


'Jr 7 

p ^ * * * 1 




rgfVJ 

“ A* 



VIEW or ENGINE 





























INTAKE MANIFOLD 


C RAN KCASCl 


CRANKSHAF 


FIG. 8 FRONT SECTIONAL VIEW OF ENGINE 


EXHAUST MANIFOLD 


IGNITiON UNIT 


OIL LEVEL GAUGE 


CONNECTING ROD 
OIL PUMP PINION 
CAMSHAFT 


V-OIL PUMP SHAFT 
"A^-OIL PUMP ROOT 
jS^-OlL PUMP ROTOR 

T ' ^ir- OIL fumpcovc» 

v\ PLUNGE* SPRlfK 

4 RETAINER 


OIL FLOAT ASSEMBL 


« 

i 

l 

I 

i 


17 



















FUNCTIONING OF PARTS 


II. Engine.— 

a Four Stroke Cycle. —The engine, Fig*. 2.7 and 
8. used in this power unit is a conventional 
automotive type of internal-combustion, gasoline 
engine. Such engines develop their power by burn¬ 
ing a mu lure of gasoline and air under compression 
in the cylinders and applying the resulting expand¬ 
ing force on the heads of the pistons. The resulting 
downward motion of pistons is transmitted through 
connecting rods to the cranskshsft. resulting in 
rotary' motion of the crankshaft. This engine oper¬ 
ates on the usual four-stroke-cycle principle, the 
action of which may be considered as being a repeti¬ 
tion of a cycle of four different strokes. The action 
of each cylinder it the same, but is 180* of crank¬ 
shaft travel later than that of the preceding cylinder. 
Firing order is 1-3-4-2. 

(11 Inf he Stroke .—The piston travels down¬ 
ward while the intake valve is open and the ex¬ 
haust valve is closed. The resulting reduction is 
pressure within the cylinder allows air to rush in 
through the air cleaner, carburetor, inuke manifold 
and intake valve port. As the air pines through the 
carburetor the proper proportion of gasoline is 
mixed with it. 

(2) Comprettion Stroke —The piston travels 
upward with both valves closed and compress** the 
fuel mixture in the combustion chamber at the upper 
part of the cylinder. As the piston reaches the top 
of the stroke a spark occurs at the spark plug and 
burning of the fuel mixture begins. 

(3) Power Stroke.—Burning of the fuel mix¬ 
ture continues, developing great beat and pressure. 
Both valves are dosed. Tbs piston is forced down¬ 
ward. transmuting iu power to tbs crankshaft. 

(4) Euhmuat Stroke.— Tbs piston travels up¬ 
ward with exhaust valve open, intake valve dosed, 
and forces the exhaust gases from the cylinder. 
These gases pass out through the exhaust port, 
exhaust manifold, exhaust pipe and muffler. 

b. Power. —The amount of power developed by 
the engine, and hence iu speed under a given load, 
is determined by the position of the thrutlle valve 
in the carburetor which regulates the amount of 
fuel mixture that enters the cylinders. The throttle 
valve is automatically controlled by the engine gov¬ 
ernor. 


c. Velvet end Cmmiheft.—The valves are oper- . 
ated in proper sequence and liming by tappets which 
ride on a series of cams on the camshaft. The cam¬ 
shaft is driveo by a chain from a sprocket on the 
crankshaft and turns at just half the s p ee d of the 
crankshaft. The valvta are closed by spring action. 

A gear on the camshaft drives the oil pump and 
ignition unit. 

d. Cooling —Water is circulated around the cyl¬ 
inders, valve porta and combustion chambers to 
conduct beat away from the engine. The water 
Hows from the outlet at the top of the cylinder head, 
to the radiator where it is cooled, then returned to 
the water jacket. Circulation is maintained by a 
centrifugal type water pump. Air circulation is 
maintained by a pusher type fan. A thermostat in 
the water outlet at the top of the cylinder head 
tends to maintain • uniform crater jacket tempera¬ 
ture under varying operating conditions by regulat- 
inf the water circulation. The radiator cap is designed 
to maintain a pressure of four pounds per square 
inch before releasing vapor through the overflow 
pipe, thus to save water. 

o. Lubncetion —Lubrication is provided within 
the engine by pumping oil from the oil pan to the 
main, connecting rod and camshaft bearings from 
which it sprays to other interior parts. The oil 
prmaure registers on the ENGINE OIL PRESSURE 
gauge on the control panel and is regulated by a 
pressure relief valve in the pump body. 

12. OU Filter.— 

The oil filler, (Fig. 6), on the left side of the engine 
filters particles of dust, carbon and other foreign 
material from the crankcase oil. Oil from the pres¬ 
sure lubricating system of the engine passes into the 
filter m nr the top, then through the filler and out 
at the bottom connection, from which it is conducted 
to the timing chain cover and returns to the crank- 
cnee. In service the filter element becomes filled with 
foreign material collected from the oil and no longer 
can perform its function. It must then be replaced 
with a new element. Only a portion of the oil leaving 
the pump p liars through the oil filter, but all the 
oil in the crankcase pa sari through frequently enough 
to be kept in a dean condition if the filter dement 
is changed often enough. As soon as the oil becomes 
dark, the dement should be changed. 


IS 




FIG. 9 CARBURETOR FUNCTIONING DIAGRAM 



FIG. 10 FUEL PUMP FUNCTIONING DIAGRAM 
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FUNCTIONING OF PARTS 


13. Engine Comnor.— 

The engine governor. (Pig. 6). - of the conven¬ 
tional (ly-»'eighi type, driven by a V-belt from a 
pulley on the crankshaft. It controls the engine speed 
and. thus, the frequency of the alternating current 
generator. The governor arm is connected with the 
throttle arm of the carburetor and the action is 
such that an increase in engine speed tends to dose 
the throttle, and vice versa. The engine speed may 
be adjusted by adjusting the spring tennon. The 
governor is lubricated by oil from the pressure lubri¬ 
cating system of the engine. 

14. Carburetor.— 

Thu power unit is equipped with a Carter, No. 
572 S. downdraft, metering jet type carburetor. 
Pigs. 5, and 9. the prime function of which is to 
deliver a proper mixture of fuel and air to the engine 
under all load conditions. 

a. Gasoline enters the carburetor bowl through 
the float-operated needle valve assembly, the level 
to which it rises in the bowl being controlled by the 
float. 

b. When operating at very bght load, the throttle 
valve is nearly dosed and moat of the gasoline enters 
the fuel mixture by way of the idle well jet, low speed 
jet. economiser, near which point it combines with 
streams of air from the by-pass and lower bleed, and 
then through passage to the port and the idle adjust¬ 
ment screw seal. This mixture is richer than re¬ 
quired. but upon further mixing with air from the 
ventun provides a suitable mixture, the combined 
richness being adjustable by means of the klk adjust, 
menl screw. 

c. At about 30<7< of full load the throttle valve 
opens so far that Htlle fuel passes through the path 
just described. However, at this throttle position 
the reduction of air p r e ssur e at the tip of the main 
nozxle allows fuel to paaa from the carburetor bowl 
Through the metenng jet, through the passage and 
the main nozxle. and into the main air stream. The 
amount of fuel through this path depends on the 
degree of reducuoo of pressure at the tip of the 
maio nozxle below atmospheric pressure and upon 
the effective opening through the metenng jet 

d. As the throttle valve opens further under in¬ 
creasing load, the pressure at the tip of the main 
nozxle il further reduced and the metering rod is 
raised by mechanical linkage with the throttle so 
as to increase the effective openipg through the 
metenng jet. The venous parts are so proportioned 
as to provide a suitable mixture at all operating 
loads. . 


«. The pump with which the carburetor is equip¬ 
ped is not required and should be disconnected. 

IS. Fuel Pump.— 

The diaphragm type fud pump. Figs. S and 10, 
opera tm continuously while the plant is in operation 
and supplies fud from the fud tank to the car¬ 
buretor. It is mounted on the right aide of the engine 
and dnven by an eccentric on the c a m s h aft. 

m . A special lever arrangement transmits motion 
to the diaphragm assembly. When the diaphragm 
ssermhlr is drawn downward, the pr es sure within 
the pump chamber is reduced and fuel flows from 
the fud tank, through the fud line and into the pump 
inlet. It passes upward through the inverted sedi¬ 
ment bowl, through the screen and inlet check valve 
into the pump chamber. Upward movement of the 
diaphragm farces fud from the pump chamber 
through the outlet check valve and the pump outlet. 
From the pump outlet the fud passes through a 
fud line to the carburetor. 

b. The diaphragm is pulled downward by the 
lever arrangement, but ia returned upward by the 
srtion of the spring. After the carburetor bowl be¬ 
comes filled with fud. the diaphragm returns up¬ 
ward only as permitted by the flow of fud through 
the needle valve of the carburetor. 

e. A band lever permits operating the pump man¬ 
ually for the initial filling of the carburetor bowl 
after it has been drained or has run dry becaues of 
ao empty fud tank. 

14. Air Cleaner.— 

The air cleaner. (Fig. «), deans the air which 
enters the carburetor intake. Air enters near the 
top of the cleaner, pnaes down and over or through 
n pool of oil ia the cup at the bottom. Some oil is 
earned up and deposited in the metallic filter de¬ 
ment. Surplus oil which docs not adhere to the filler 
element runs back into the cup. Dust and foreign 
particles ia the air adhere to the oily surf see of the 
dement and are constantly washed back into the 
cup where they settle to the bottom. Cleaning the 
cup and filter and filling to the proper levd with 
dean oil when mu—ry keeps the dinner ia good 
f u nction i ng condition. 

17. Ignition System.— 
m. Purpo ss.—The compressed gases of the fud 
mixture ia a cylinder are ignited by a spark which 
jumps the gap between the spark plug electrodes. 
The high voltage required to produce this spark is 
furnmhed by means of the ignition coil, (Fig. 6), 
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FIG. 11 IGNITION UNIT 
FUNCTIONING DIAGRAM 


which obuina iu electrical energy from the storage 
battery or from the eiciter generator. The spark 
must occur at the proper time with respect to the 
upward travel of the piston near the top of iu com¬ 
pression stroke and it must occur in each cylinder 
in its proper sequence of firing order, which is 1-3- 
4-2. The ignition unit. (F»g*. 6 and 11), which regu¬ 
lates the timing of the spark and iu distribution to 
the spark plugs in proper sequence, is mounted on 
the left side of the engine and driven by a gear on 
the camshaft. 

b. Brmohtr Mochmmtm. —The breaker contacts 
arc connected in senes with the primary winding of 
* s 


the spark coil. The cam revolves at one-half the 
engine speed and opens the breaker contacts four 
times each revolution. Each time the breaker con- 
tacU open, a spark is produced at a spark plug gap. 
The mechanism is properly timed so that the spark 
occurs when the put on has almost reached the top 
e f iU compression stroke. As the engine speed in¬ 
creases, the governor assembly in the lower part of 
the case automatically advances the timing with 
respect to piston position. 

e. Condense#.—The condenser is connected in 
parallel with the breaker contacts. Iu action is to 
greatly increase the intensity of the spark and to 
increase the life of the breaker contacts. 

d. Ignition Aesu/or. — The ignition resistor 
mounted on the rear end of the cylinder head serves 
to limit the voltage applied to the 6-volt ignition 
coil. 

e. Dittnbutor.— The high tension current travels 
from the spark coil to the spark plug by way of the 
distributor. It enters the distributor at the center 
lower, passes through the metal strip of the revolv¬ 
ing rotor and out at the tower under which the metal 
strip is passing Thus the sparks are distributed 
to the spark plugs, in proper sequence. 

IS. Spark Plugs. 

The spark plugs, (Fig. 7), are important paru of 
the ignition system. Each consists of a center elec¬ 
trode highly insulated from the base which carries 
another electrode. The ignition spark jumps across 
the gap between the electrodes and it is quite im¬ 
portant that this gap be kept adjusted at approxi¬ 
mately .030*. The original spark plugs are Champion, 
No. J9. and replace menu should be of the same type. 

14. Storage Battery.— 

The 12-volt storage battery, (Fig. 1). consists of 
two 6-volt automotive type batteria connected in 
aerie*. It supplies power for electric cranking, elec¬ 
tric choking, ignition during the starting period and 
for operating certain controls. It is recharged auto¬ 
matically by the exciting generator while the power 
unit ia in operation. 

26.'Battery Charging System.— 

a. Genera/.—The storage battery is recharged 
by current supplied by the 2S-voll exciting generator 
while the power unit is in operation Included in (he 
battery charging system are the batter)' charging 
relay, the battery charging regulator with iu group 
of resistors, and the BATTERY CHARGE RATE 
ammeter, (Figs. 3 and 4). 
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b. Battery Charging Relay. — The batlery 
charging relay connect* the battery to the exdter 
circuit while the power unit is in operation. The coil 
of this relay is connected across the exciter and the 
rseller voltage is impressed on it. As the exciter 
voltage rises, upon starting the engine, the magnet¬ 
ism set up by the coil of the battery charging relay 
overcomes the resistance of the spring and doses 
the relay contacts, thus connecting the battery to 
the exciter circuit. The contact* remain dosed and 
the battery continues to receive charging current 
until the exciter voltage drop* considerably below 
the battery voltage. Then the contacts open and dis¬ 
connect the battery. This occurs when the power 
unit stops and prevents the.discharge of the battery 
through the exciter while the power unit is not 
operating. 

c. Battery Charging Circuit. —The closing of 
the battery charging relay contacts connects the 
sloragq-iiallery across the exciter which then sup¬ 
plies charging current. See wiring diagram (Fig. 14). 
This current passes from the exciter to terminal 5, 
through the battery charging resistor and regulator 
group, through the battery charging relay contacts, 
through the BATTERY CHARGE RATE ammeter, 
to terminal S. through the battery, through the frame 
of the power unit, to the .exciter. 

d. Battery Charging Regulator and Retittor 
Group.— The batte.y charging rate is regulated by 
the battery charging regulator and resistor group, 
i Fig. 4). The regulator coil is connected across the 
battery while the battery charging relay contacts 
are dosed. When the battery charge is low the 
voltage across the coil is low and the regulator con¬ 
tacts remain dosed. Charging current flows through 
all three resistors, providing the maximum charging 
rate of approximately 10 amperes. As the battery 
approaches a full charge, the voltage across the coil 
increases and the contacts are opened. This opens 
the d refill through the two 2-ohm resistors, and 
reduces the charging rate to approximately 2 am¬ 
peres, which flows through the 2.S-ohm resistor. 

21. Electric Choke Control.— 

The electric choke control, (Fig. 6), is of the electro¬ 
magnetic type with thermostatic compensator. The 
magnet coil is connected in parallel with the start 
solenoid circuit and thus the carburetor is choked 
automatically while engine is cranked electrically. 
Motion of the magnet armature is transmitted 
through a U-ehaped bimetal thermostatic spring 
within the lower part of the case. The arrangement 
is such that when the engine is cold tbs choking is 
more forceful than when the engine is warm. 


22. Generator.— 

a. Rut poem. —The generator. Figs. 13 and 40, 
receives mechanical power from the engine and con¬ 
verts it to electrical power. It consists of a d-c excit¬ 
ing generator and a revolving field type of alternator. 

b. Eacitar.— 

(1) Residual magnetism remains in the mag¬ 
netic dreuil of the exciter when not in operation. 
When the engine is started, the armature revolves 
and carries its conductors by the field poles. The 
culling of magnetic lines of force by these cor,duct or* 
u they pass poles of alternate polarity inducts 
alternating voltages in the conductors. The con¬ 
ductors are connected with commutator bar*" which 
revolve under, and in contact with, the escittr 
brushes. The various parts are so placed that the 
commutator bars in contact with any given brush 
always have the same polarity and direct current 
flows in the exciter circuits outside the armature. 

(2) A small portion of this current passes through 
the exciter Add winding and increases the field 
strength which, in turn, greatly increases the volt¬ 
age induced in the conductors. The exdter voltage 
thus builds up to a maximum of approximately 28 
volts at normal operating speed. 

(3) The' greater portion of the esdter output 
is used to excite the alternator revolving field, being 
connected with the alternator field windings by 
means of the brushes and slip rings. 

(4) The exciter also operates as a starting motor 
and cranks the engine electrically. When the storage 
battery is properly connected to the exdter, strong 
magnetic fields are set up in the armature and field 
and cause the armature to revolve, thus cranking 
the engine. The series fidd winding adds greatly to 
the strength of the magnetic field and to the crank¬ 
ing power. The batterv is connected to the exciter 
by means of the solenoid starting switch which is 
controlled by the START button on the control 
pn°d. 

e. Alternator .—The revolving field of the alter¬ 
nator ia magnetized by direct current from the ex¬ 
dter. The field poles, of alternate polarity, revolve 
by the conductors of the stator and induce alternat¬ 
ing voltage* in them. Those conductors are con¬ 
nected in two groups and the groups are connected 
to the control panel. If the extenor circuit is com¬ 
plete, alternating current will flow ia it- So collector 
rings and brushas are required in the a-c circuit. 

d. Alternator Cornrcliom. —One end of each 
of the three phase windings of the alternator sutar 
is connected to a separate terminal post on the 
control panel. Each of these terminal posta is aep 
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anilely connected through an imnu'lit and iw pole 
(4 ihr circuit Imr^Lrr to «>nr «»f ihr lluvi- A.f. Ol’T- 
PI T terminal |k»u A. H. ami C, see »inr.j dia¬ 
gram . Thr uihcr ihf«v ewir of I hr tliree pliase 
windings are ronnnml together within ll*e gen- 
cr.itor and thi» mnimon junction i» oonnislni 
ihruuph a lead direct to the N -neutral 1 terminal 
|m«t on thv mil|<ut terminal block. Thnr-|ih3«, 
2^l-»i4i |K«rr may br taken through A.C. OUT¬ 
PUT terminal |««ii A. H. and C. ftnplr |4ujr. 2U- 
voli piurr may br taken through terminal |m4i 
A and It. U and 0, ami C ami A. tNnpl«-pliu»e, 
127-volt p>i*iT may Iw taken ikroupi. terminal posts 
A and X. B and X. and C and X. 

e. A.C. Voltage Regulation. — No mean* is 
proxided for adjusting the voltage independent of 
the rnpne s|-eed. At normal frequency, and alter 
reaching normal ciwTiting temperature, the voltage 
is witmn the limits of approximately 215 volts at 
ro load to 255 volts at full load at unity power 
fi,ior. This voyage regulation is due to inherent 
characteristics obtained by strongly saturating parts 
of thr magnetic circuit. 

ii. Ili|tIt Water TemperatureCut-Out Switch.— 
a. Cetcnpuon —The high water temperature 
cai-out switch. Tip. 6 . is electrically connected to 
the >10l* button circuit. It automatically stop* the 
er.pne if the temperature of the water in the engine 
water jacket rises higher than the temperature for 
w Mcr. the dial is set. A temiarature element extends 
cow-n into the cooi.np liquid and contains a volatile 
L'jxM. This element is connected through a small 
tube to the diaphragm or bellows which o}«raie* the 
switch contacts. As the temperature within the water 
jacket rises, the liquid within the temperature ele¬ 
ment expands the bellows which doses the switch 
curt tar*.*, thus stopping the engine. The engine may 
l<e stared again in the usual manner after the tern* 
lenture u-nj-s aliout 10 s . The cause of the high 
temperature should Le determined and corrected 
Le.'..r», :._ r. sianir.g the engine. 

b Adj-j- rmenf — Tr.e temperature at wnich the 
er g.re v :L te stopped ray Le ad.o.-ted i*y turning 
the dial so that the desired stopping temperature is 
exactly under the pointed indicator at the top of 
the dial. The dial should be set to stop the engine at 
a temperature at least several degrees below the 
Lotting point of the cooling liquid. For water at sea 
level, the setting should lie 2ob. Thu should be de¬ 
creases 3* for each 1000 feet above so level. Other 
cooling liquids may require different settings. 

34. Low Oil Pressure Cut-Off Switch.— 

The low oil pressure cut-off switch. (Fig. S), is a 
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small switch ofierated by oil pressure. When the oil 
pressure builds up to ap|<roximatdy 6 lbs. per square 
inch the switch contacts oj<en. They are so connected 
with the control system that if the pressures dro|>s 
below 6 lbs., the ignition u cut off and the engine 
stops. 

25. Relay*.— 

On (lie back of the control panel are mounted the 
Start, stop and ignition relay*. (Fig. 4l. Lach relay 
include* a coil of insulated cop|«er wire wound on a 
soft iron core. An iron armature i* hinge-mounied 
near one end of the iron core and held away from the 
core by means of a spring. W hen electric current 
(lows through the coil, the cure becomes magnetized 
and the iron armature ia attracted so strongly that 
it move* toward the cure, thus o|iening or closing 
the relay contacts. W hen the circuit to the coil it 
opened and current no longer flows through it, the 
core loses most of its magnetism and the spring 
puli* the armature away from the coil, reversing the 
action of the contacts. All three relays are connected 
in the d-c control circuits. 

24. Electrical Control System.— 

a. Starling Cycle.— 

(1) The storage hatter)* supplies the power for 
electric starling. With the MANUAL START— 
REMOTE START ignition switch on Remote Start 
position the power unit is started by pressing the 
START button. This energizes the roil of the Mart 
relay and closes the two pairs of contacts on that 
relay. See Figs. 3. 4 and 14. 

■2 1 The closing of the start relay contacts iA> 
supplies current to the ignition coil, the current liais¬ 
ing through the remote start contacts of the ignmon 
switch and through the voltage dropping ignition 
resistor before reaching the ignition coil. It also 
supplies current to the coil of the ignition relay, 
dosing its contacts (Ci. The current through the 
ignition relay coil passes through the stop relay con¬ 
tacts D • and to ground. 

1 3 1 The closing of the atari relay contacts <U> 
supplies current to the electric choke, thus choking 
the carburetor, and to the start solenoid which 
doses the start switch contacts (E). 

<4) The dosing of the start switch contacts 1 E 1 
supplies current to the exciter, passing through its 
senes field winding, causing the exciter to operate 
as a motor and to crank the engine. 

<5> At this Mage of the starling cycle (he igni¬ 
tion has been switched on, (he carburetor is being 
choked and the engine is being cranked. The engine 
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start*. The speed increase* and the oil pump build* 
up pressure in the lubricating system. When thia 
pressure riaea to approximately $ pound*, the con- 
LacU of the low oil pressure cut-off *witch open. 
The exciter build* up voltage and supplies ignition 
current through another circuit. Thi* current passe* 
from terminal S. through the battery charging resis¬ 
tor and regulator group, through the ignition relay 
contact* (C). to the remote start contact* of tho 
ignition switch, through the ignition resistor, to lha 
ignition coil. 

(€) The START button it released. Thi* opens 
the circuit to the start relay coil, and allows the 
contacts (A) and (B) to open. 

(7) The opening of contacts (B) stop* the elec¬ 
tric choking and allow* the start switch contact* 
to open, which open* the cranking circuil. 

(8) The ignition current being supplied by the 
exciter docs ft pa** through contact* (A) and. there¬ 
fore. the engine does not stop when the contacts (A) 
open. However, if the contact* (A) open before the 
exciter voltage has built up high enough to supply 
proper ignition current, the engine will stop upon 
release of the START button. The engine will stop 
if the START button is released before the oil pump 
has built up enough pressure to open the contact* 
of the low oil'pressure cut-off switch. 

(9) The coil of the battery charging relay i* 
connected aero** the «*mer at all times and when 
the exciter voltage rues sufficiently the contacts <F) 
close, thus connecting the battery charging circuit. 

(10) Th*. FUEL GAUGE and the fuel gauge 
tank element are connected to the ignition switch 
in such manner that the gauge register* while the 
ignition system is supplied with current. If it i* 
desired to have the gauge register while the engine 
is not operating, thi* may be done by switching the 
MANUAL START-REMOTE START ignition 
switch to the MANUAL START position. The 
switch should be returned - to the REMOTE START 
position a* noon a* the FUEL GAUGE reading has 
been observed. 

S. Operation —While the power unit is in oper¬ 
ation the exciter supplies current for ignition and 


for battery charging. The greater |«ortiun of the 
exciter output is used to eicite the revolving field 
of the alternator. The a-c windings of the stator are 
connected to the A.C. OUTPUT terminals, with an 
A.C. AMMETER and one pole of the J-pole CIR¬ 
CUIT-BREAKER in senes with each phase. The 
CIRCUIT-BREAKER serves as a load switch and 
disconnects the load automatically in case of severe 
overload. After opening automatically, the CIR¬ 
CUIT-BREAKER must be reset by pushing the 
handle down before it can be dosed, in the meantime 
the load should be reduced to within the capacity 
of the i«ower unit. The selector switch permit* con¬ 
necting the A.C. VOLTMETER across any on* 
of the three load phase* to read the voltage of the 
phase. An A.C. AMMETER is connected in series 
with each of the three A.C. OUTPUT terminals 
A. B, and C to indicate the load amperage. St* 
subject OPERATION for further information. 

c. Stopping Circuit.—The engine is stopped by 
pressing the STOP button which energies the stop 
relay and opens iU contacts (Di. The opening of 
these contacts de-energue* the ignition relay, allow¬ 
ing iu contact* (C) to open, thus opening the igni¬ 
tion circuit and slopping the power unit. A* the 
engine speed drops, the exciter voltage drops and 
allows lha battery charging relay contact* «F» to 
open, thus preventing the discharge of the battery 
while the power unit is not operating. 

d Manual Start-Ftmott Start Ignition 

Switch. —When the MANUAL START-REMOTE 
START switch is in the MANUAL START position, 
ignition current is supplied direct from the battery 
to the ignition coil, thus by-passing all the relays 
and protective circuits. With the switch in this 
position the engine may be tuned by hand crank¬ 
ing This makes it possible to uie the power unit in 
an emergency when there may be trouble in a relay 
circuit. I« will be necessary to throw this ssitch to 
the REMOTE START position before the engine 
can be stopped by mean* of tbe STOP button. 

e. Remote Conttol — Remote control ctrcuiU. 
if used are merely extended circuits connected in 
parallel with the START and STOP button circuit* 
on the control panel. Remote start and stop buttons 
are used in the same manner as the START and 
STOP buttons on the control panel. 
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27. Routine Attention.— 

a. Important. —It ia important to follow a def¬ 
inite schedule of inspection and service operations 
to maintain a high level of operating efficiency. The 
keeping of a log book as a continuous operating 
check is advised. 

(1) Caution- —The periodic servicing schedule 
which follows in this paragraph is baaed on the use 
of fuels having low lead content. When using Army 
SO octane fuel, aviation 100 octane fuel, or other 
fuel containing more than 2 cubic centimeters of 
lead per gallon, refer to subject, USE OP LEADED 
FUELS immediately following the front page, 
“CAUTION.- 

b. Daily Satvica. —Check the following at least 
ones a day: 

(1) Radiator —Check the cooling liquid level. 
Do not fill so high as to cause unnecessary loss of 
liquid through the overflow. Never allow the level 
to fall below the top of the upper bone. Under con¬ 
tinuous use or in hot weather more frequent atten¬ 
tion may*he needed. 

(2) Oil Laaai. —Check the crankcase oil level. 
Under continuous service check more frequently. 
Never operate the power unit when the oil level is 
near the EMPTY mark on the bayonet gauge. Fill 
to the FULL mark on the gauge with the proper 
oil as spedfied in paragraph 8 a (7) and 9 i (1). 

(8) Fuat Supply. —Check supply of fuel, shown 
on the FUEL GAUGE on the instrument panel, 
as often as necessary to assure a sufficient supply in 
the tank at all times. The tank bolds lO'.j gallons. 
When operating at full load, the plant consumes about 
2 gallons per hour. Check the supply of fuel in the 
auxiliary tank also, if such lank is connected to the 
pow e r unit. 

(4) Control Fanal. —Check the various gauges 
frequently and take any corrective measures indi¬ 
cated. Normal readings are given ia paragraph 9 d. 

a. WaakJy Service.—Check the followup weekly, 
or every fit) operating bourn, whichever occurs first: 

(1) Daily Chech.—Check all points mentioned 
above under Daily Service. 

(2) Crankcaaa Oil and Oil Filtar .— 

(s) Lift out the bayonet oil gauge and ex¬ 
amine the oil that adheres to it. If the oil ie dis¬ 
colored, install a new ml filler clement. If nsrrassrjr 
on the basis of lubricating instructions contained in 
paragraph 9 i (11, change the oil. Drain the oil while 
the engine is warm. Close the drain valve securely 
and refill the crankcase to the FI ILL mark on the 
gauge with dean, fresh oil of proper kind and grade. 

(b) To install a new filler dement, remove 


the* filter cover and the drain plug and drain the 
filler. Remove and discard the old filler dement 
and clean all sludge end sediment from (he filler 

body. Replace the dram plug and tighten securely. 
Install the new filter element and replace the filter 
cover, using a new gasket. Start the engine and check 
for leaks, correcting any found. After the engine has 
run about 10 minutes, slop it and check the oil 
levd. The filter will have retained some oil. Add oil. 
if necessary, to again raise the levd to the FULL 
mark on the gauge. 

(3) Ignition Unit .— Place 5 drops of cylinder 
oil in the oil cup oo the aids of the ignition unit. 
Remove the distributor cap and rotor and place 1 
drop of oil on the wick at the center of the shaft and 
1 drop on the breaker arm post. Use the same kind 
and wdgkl of oil as used in the crankcase. Wipe 
the cam clean and apply a very small amount of 
light grease to the rubbing surface. 

(4) Air Ciaanar .— 

(a) If the power unit has been operated under 
dusty conditions, dean the oil type air cleaner. If 
the power unit has been operated only under clean 
air conditions, the servicing of the sir cleaner may 
be included under Monthly Service. 

(b) To demo the air cleaner, remove the cup 
and dean it thoroughly. Remove the Alter element 
and clean it thoroughly by sloahing up and down in a 
suitable cleaning fluid or in gasoline. Allow it to dry 
or dry it by using an air hose. Fill the cup to the 
level jnsrk with dean oil of the same grade as used 
ia the engine crankcase. Reassemble the cleaner. 

(5) Battary.— 

(a) Teat the battery by means of a hydrom¬ 
eter. All cells should test 1.250 or higher, unless they 
were filled with 1.200 electrolyte for tropical use. 
If filled with 1.200 electrolyte for tropical use, the 
numeral one (1). should appear on the lead lop con¬ 
nector at the positive cell, near the battery type- 
number (17K2-R). See paragraph la i5) <b) and \d). 
If filled with 1.200 electrolyte lor tropical use, 
the cells should last 1.200, or higher. A teat of 
approximately 1.100 indicates a discharged cell. A 
difference as great aa 50 points between individual 
cell readings in a 4-volt unit probably indicates that 
the unit should be replaced with a new one to avoid 
a definite failure. The same is true when all cells 
of a unit test uniformly low, unless the low test 
can be accounted for by esceasive starting in com¬ 
parison with running hours, or by the power unit's 
not having been used for 2 or 3 weeks. In rither 
case, check the batter)' unit daily for several days 
under normal use of at least several hours s day. If 
iu condition does not improve, replace it. 
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<*>> Fill the cell* to V above the lop* of the 
separators. using distilled water or waier known to 
be non-injurious to lead-arid batteries. Do not fill 
high enough to cause overllowing while charging. 

■ f». Throttl e Control Rod Boll Joint t.- IWf 
a drop of wl in each ball joint of the throttle control 
rod and check to make sure the throttle mechanism 
moves freefy. 

d. Monihlt r Sen ice — Check the following 
monthly, or every 2U0 operating hours, whichever 
occurs firs:: 

1 HVeftiv Chech —Check all points men¬ 
tioned under Weekly Serv ice. • 

.2- Spoilt Plug*.— Remove the spark plugs. 
Clean them, if needed, and inspect lor cracked or 
badly eroded iwecda.ne. Discard any spark plugs 
not in good condition and replace with new ones of 
correct ivpe. Adjust the gaps to .030*. When install¬ 
ing. make sure the gaskets are in pace. Tighten 
securely. 

3 Mott fry Terminals.—Check the battery' 
terminals, cleaning and ughiemng them if needed. 
Apply a coating of peiroieum jelly. Replace the cables 
if not in good order. 

4 linn ton Umt— Remove the distributor 
cap and wipe it c!«aa. inside and outside. Inspect 
the breaker contacts. If badly pitted, replace with 
new ones Turn the engine with the hand crank until 
the contacts are wide ojwn. They should open .U20\ 
Cheek with a wire gauge and adjust if necesaary H 
cor. i acts are the least pitted, they should be re¬ 
surfaced with a carborundum or similar hoot before 
adjusting. 

3 Unit ton Timing —Check the ignition tim¬ 
ing hr using a img timing light, if available, and 
make any adjustr.ent reeded. A small arm attached 
to the throttle itaft arm may be turned over and 
forward tb a position that will hold the throttle at 
an idle position and cause the engine to operate at 
the moderate speed necesAarv for use of the neon 
timing lignt. If the r.eor. timing light is r.os available, 
crank the engine very sl«rwly by hand, stopping 
exactly when the breaker contacts separate at firing 
jowl.or. for No. I cylinder Then check the posiuon 
of the ICN' mark on the flywheel. iFig. I6i as 
seen through the timing hole ir. the flywheel hous¬ 
ing on the left side of the engine. Timing m car 
reel if the IGN" mark is at the center of the hole 
at the instant the points separate. Repeat the checks 
a time or two for accuracy. If nte t w i ry to adjust the 
timing, loosen the clamp boll, turn the d.stnbutor 
body to the proper position and tighten the boll.Then 
recbcck u> verify the comctneaa of the new eel ling. 



< 61 Valve Toppoto. — Disconnect the tubes 
from the valve spring cover, remove the cover 
screws and the cover. Crank the engine slowly by- 
means of the hand crank and note when the intake 
valve of No. 1 cylinder begins to open. Then turn 
the crank one full revolution further. This (daces 
the camshaft in the correct position for checking 
or readjusting both lappets Xo. 1 cylinder Check 
the clearances with a feeler gauge. iFig. 17 1 . The 



FIG. 17 VALVE TAPPETS AND SPRINGS 
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correct clearance is .014* hot or cold. Adjust the 
ta|>|*U if nritimry. I-ora it- (lie correct position* for 
each of the rwiiaiinnit cylinder* and check and adjust 
the remaining tap|*U. In locating the correct posi¬ 
tion for any cylinder, turn one rev lout ion after the 
intake valve on llial cylinder begins to o|»tn. See 
that the cover gasket is in good order, replace the 
cover, tighten the screws and connect the tubes. 

171 Fual Screen* and Sadi man! Bow la.— 
Clone the 2-way fuel *hut-o(f cock. Remove and clean 
the aediment bowl on the fuel pump and the one 
under the fuel tank. Clean the strainers if necessary. 
When replacing the bowls, make sure that gaskets 
are in good order and that the retaining nuts are 
lightened sufficiently to hold the bowls tightly on 
the gaskets. Remove the dram plug and strainer 
from the bowl of the carburetor. Clean and replace. 
Open the fuel shut-off cock. By means of the lever 
on the fuel pump, pump the carburetor bowl full 
of fuel. Examine the sediment bowls and the car¬ 
buretor for leaks, correcting any found. 

(8) Ten and Governor Balia .—Inspect the fan 
and governor belts. If not in good condition, replace 
with new ones. Adjust the belt tension so that the 
top side of the belt can be depressed about l*i* 
to 1 * 3 *. The fan bell is adjusted by loosening the 
clamp bok in the slotted bracket at the idle pulley, 
moving the idle pulley to obtain proper tension, 
then tightening the bolt. Slotted holes in the gov¬ 
ernor bracket permit adjusting the governor belt 
in a similar manner. See Fig. 18. 

(9) Eahauat Syatam .— Inspect ail exhaust con¬ 
nections, replacing or tightening all parts requiring 
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attention. Include the manifold connections and the 
flexible exhaust pipe. Permit no leaks that will allow 
gas to escape inside a building. If the exhaust system 
requires cleaning, clean it Continued operation with 
excessive back pressure will eventually cause trouble 
even if not bad enough to noticeably affect the engine 
performance at the lime of inspection. 

110) Carburetor. —With no load on the power 
unit, but with the engine at normal operating tem¬ 
perature, and with the throttle held so that the 
engine is operating at about half normal speed, 
sdjust the idle adjustment screw so that the engine 
will idle smoothly. 

(11) Ctankcaaa Vantilator Metering Vs/ve.— 
Disconnect the crankcase ventilator metering valve, 
open it, remove the plunger and clean all parts 
thoroughly in acetone. Reassemble and tighten all 
connection* securely. 

(12) High Water Temperature Cut-Out 
Switch —Check the operation of the high water 
temperature cut-out switch. With the power unit 
operating at normal temperature, turn the dial 
counter-clockwise (to left) very slowly and note the 
reading at which the switch stops the engine. Com¬ 
pare with the reading of the Engine Water Temper¬ 
ature Gauge, if the readings differ more than S 
degrees, check the accuracy of both switch and 
gauge as instructed in paragraph 46. 

(13) Ctankcaaa Oil .—Be sure to include an 
oil change in the monthly service. Drain the crank¬ 
case oil and refill to the FULL mark on the bayonet 
gauge with proper oil as indicated on the lubrication 
chart (Fig. 84) and as instructed in paragraph fa(7) 
and 9 i. 

(14) Canarator .—Inspect the commutator and 
slip rings. Clean them, if needed, by holding a clean 
piece of canvas against them while the engine is 
operated slowly by bolding the throttle partially 
closed. Fur safety attach the canvas over the square 
end of a narrow piece of dry wood to serve as a 
handle, la normal service, the commutator and 
collector rings acquire a mahogany-colored surface. 
If this surface is smooth, it requires no attention. 
Do not attempt to maintain a bright, newly-ma¬ 
chined appearing surface. Check the brushes for 
good seating contact, free fit in holders snd uni¬ 
formly good sjvuig tension. If brushes are worn to 

* length, or less, install new brushes. New brushes 
must be properly fitted. Refer to paragraph SO. a. 
for instructions on fitting brushes. 
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<15* Gmtrml - Inspect the power unit thor¬ 
oughly for leak*. loose electrical connection! and 
other external items which may need attention. 
Make needed corrections. 

2*. Valve Servicing — 

a. Whin fo Grind Volvo *.— 

tl) Lack of power in an engine may be caused 
by poor seating ol the valves in the valve seals, 
which allows the gases in the compression chamber 
to escape into lbe intake or exhaust manifold. 

«2) By the use of a cylinder compression gauge 
one can readily determine which valves ere not 
properly sealing. Compression gauge readings should 
all be within 10 pounds of each other and not leas 
than 70 pounds. 

i3) If no gauge is available, turn the engine 
bv the hand crank and note whether the compres¬ 
sion is uniformly good on all cylinder* Compression 
should rock the crank backward forcibly if allowed 
to do so when well up on the compression stroke. 
Compressed gases leaking past an exhaust valve 
cause s hissing noise at the exhaust outlet. If leaking 
past an intake valve, a hissing noise may be heard 
through the carburetor. Disconnect the air cleaner 
horn at the carburetor and the exhaust line at the 
power unit end have someone crank the engine 
while you listen for these sounds, if you have reason 
to suspect that valves are leaking. Any valve leak 
present slier the tappets are properly adjusted 
should be corrected by grinding all valves. 

b. Grinding Vsf»es. -Extreme care should be 
used whenever valves are ground to maintain factory 
hauls and clearances, as only by maintaining these 
can one expect to get good engine performance. 
Proceed as follows: 

tl) Drain radiator by opening drain cock at the 

bottom of the radiates. 

r2j Disconnect governor oil supply line at gov¬ 
ernor. 

<3j Remove oil Mur and bracket by .^moving 
the nuu on the cylinder studs, and lay Mur on idle 
pulley bracket. 

i 4 i Remove fuel line from fuel pump U> car¬ 
buretor. 

iSj Remove carburetor air cleaner horn and 
tube. 

•6, Remove electnc choke control rod. Dis¬ 
connect throttle control rod at governor end and 
the manual choke wire el carburetor end. 

lit Remove nuu holding carburetor to mani¬ 
fold and remove carburetor. 


(8) Disconnect the governor oil return lube and 
the crankcase air vent tube. 

t9l Remove the cylinder head nuU which hold 
the governor bracket and remove the governor 
assembly. 

(101 Remove nuu and bolt holding exhaust pipe 
to manifold. 

<11) Remove manifold stud nuU and manifolds. 

(12) Disconnect wires from the ignition resistor, 
remove holding bolt and ignition resistor. 

(13) Remove the upper radiator hose. Removs 
all spark plugs. Remove the cylinder head cap screws, 
stud nuU and the tempers lure gauge bulb, then lift 
head from engine block. Removal is made easy by 
using lifting hooks screwed in No. 1 and 4 spark 
plug hole*. Do not drive screw driver or any 
other sharp Instrument In between the cyl¬ 
inder head and the block to break the head 
loose from the gaaket. 

(14) Remove the valve spring cover screws and 
the cover. Care should be taken not to looe the copper 
gasket on each screw as well as the screen and 
gasket. With a piece of doth or cotton waste over 
the three holes in the valve chambers to prevent 
the valve keys dropping into crankcase upon re¬ 
moval. 

(15) With valve spring compressor inserted be¬ 
tween valve Lappet and spring retainer, raise springs 
on those valves which are in closed position and re¬ 
move valve locks. Turn crankshaft with crank or 
by fan belt until those valves which are open become 
closed and repent the operation. 

(1C) Remove valves and place them in a valve 
carrying board, so that they can be identified as to 
cylinder* from which they were removed. Remove 
valve springs. The valve springs should be tested 
for pressure which should show 116 lbs. when valve* 
are open (spring compressed, length 11,') or 50 
lb*, pressure when cloned (springs extended length 
2 V). The free length of the valve spring is 2'V- 
Any springs which are distorted or do not fall within 
these specifications should be replaced with new 
springs. 

(17) Clean carbon from cylinder head, top of 
pistons, valve aeau and cylinder block. Clean valve 
guides with guide brush. Clean valves on a wire 
wheel brush, making sure that all carbon ia removed 
from the lop and bottom of the heads. Remove any 
gum which may have accumulated on the sterna. 

(18> The clearance between the intake valve 
stem and the valve guide is .0015* to .00325*. the 
exhaust valve stem clearance to guide is .002* to 
.0U376*. Excessive clearance between the valve stem 
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and the valve guide will cause improper tea ling and 
burned valve*. If there it too much clearance between 
the uilet valve atem and the valve guide, on the auc¬ 
tion stroke lliere will be a tendency to draw oil 
vapor* up the guide into the combustion chamber 
causing eaceaaive oil consumption, fouled spark 
plugs and poor low speed performance. Check the 
wear of each valve guide by inserting a new valve 
in it and feeling the clearance by moving the valve 
atem back and forth. If the clearance is excessive, 
install a new valve guide as instructed in paragraph 
28 c. 

(19) Check tbe clearance of each valve in its 
guide and discard any having exceasive clearance. 
Relace the usable one* to a 40* angle. Replace dis¬ 
carded valves with new ones. If seats in the block 
show exceasive pitting, retart- the seats. 


(20) Then, by band, touch up the valves to tbe 
seals with fine valve grinding compound. 



FIG. 19 REMOVING VALVE GUIDES 


c. Xtmoring snd Replacing Vmtvm Guide*.— 
(1) When removing the valve guides use a 
valve guide puller to prevent damage to cylinder 
block. See (Fig. 19). If a regular puller is not avail¬ 
able. a suitable tool can be made from a 2* pipe, f' 
long and a V bolt 10* to 12* long with a long 
threaded end, a small hexagon nut which will pass 
through the bole ia tbe cylinder block and a Y 
washer with a bole ia it. 



FIG. SO INSTALLING VALVE GUIDES 


(2) Tbe valve guides are installed with a re¬ 
placer or a driver a* shown in (Fig. 20). Taking a 
piece of half-inch round stock S* long and turning 
down one end to diameter 2' long srill make a 
suitable driver. 

(9) Tbe e x h aust valve guide ia installed in the 
cylinder block ao that there will be a distance of 1' 
from tbe top of the guide to the top of the block. The 
intake valve guide is t4 at IS*' from the top of 
the valve guide to the lop of the block. (Fig. 21). 

(4) Tbe valve tappet clearance ia the guide 
should be .0005* to .002*. It ia advisable to check 
the clearance of the valve tappet by moor* it back 
and forth in tbe guide. If the clearance s tra w to be 
excessive, it might be necessary to install a new valve 
tappet. This operation ia covered in this sec Hoe under 
paragraph 29. 

d. Reas amtnbUng .— 

(1) When assembling valve springs and re¬ 
tainer* in engine make sure that tbe closed cuts are 
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up against the cylinder block, tF»f 17). Then install 
the valves, each in iu proper teal. l ! un* a valve 
valves which are in closed position and insert the 
valve spring locks with a valve key inserting tool. 
If no key inserting tool is available, hold keys in 
place by sticking them to valve stem with grease. 
Crank engine until other valves are closed and install 
the remaining keys. 



(2) Adjust the valve tappet to valve stem clear¬ 
ance to .014'. (Fig. 17). Remove doth or waste 
from valve chamber. 

(3) Clean top of block and pistone of all 
foreign matter and install cylinder head gasket. 
Clean carbon from cylinder bead and wipe off all 
foreign matter, then install over studs on cylinder 
block. Install oil Alter bracket. Install cylinder bead 



FIG. 11 CYLINDER HEAD TIGHTENING 


cap screws and nuts bringing them down finger light, 
then with a tension wrench lighten cylinder head 
screws and nuts in sequence as shown on (Fig. 22), 
lightening screws to 65 to 75 foot pounds or 7MO to 
¥20 inch pounds sod the nqts to GO to 65 foot pounds 
or 720 to 7MO inch pounds. 

(4) Clean and adjust spark plugs, setting the 
electrode gaps at .030*. Install spark plugs ia cylinder 
heed to prevent any foreign matter from entering 
the combusion chamber during the remaining oper¬ 
ations. Be sure to install spark plug gaskets. 

(5) Instsll manifold with new gaskets. Install 
manifold damp washers with convex surface toward 
manifold. Install manifold nuts drawing them up 
tight. Install exhaust pipe to manifold with new 
gasket. 

(6) Install governor, adjust governor belt ten¬ 
sion and connect governor oil supply line. 

(7) Overhaul and recondition carburetor as per 
instructions given in paragraph 37. Install carburetor 
to manifold and attach controls. Install air cleaner 
horn and tube. 

(8) Recondition ignition unit end set ignition 
timing in accordance with instructions given in 
paragraph 41. Make sure when installing distributor 
assembly ia crankcase that it fits down in the crank¬ 
case properly. Instsll and connect ignition resistor. 

(9) Install upper radiator hose, and all line 
connections. Close radiator drain cock and fill the 
radiator with water or anti-freeze solution as re¬ 
quired. Arrange the end of the governor oil return 
tube so that returning oil will enter the crankcase 
through one of the three holes in the valve spring 
chamber. Start the engine and allow to ran without 
load for five or ten minutes. Then stop it and re¬ 
check the tappet clearances. 

(10) If necessary, install new valve spring cover 
gasket (shellac la cover). Install cover to engine 
block. Clean crank esse ventilator lube and screen 
and reinstall with gaaketa. 

(11) Install the governor oil return tube. 

(12) Start the engine. After it reaches normal 
operating temperature, make any speed adjustment 
needed to provide correct voltage as shown by A.C. 
VOLTMETER. 

A Camshaft and Valve Tappets.— 

«. Description.— 

(1) The alloy steel camshaft rotates on four 
bearings which are lubricated under oil pressure 
through drilled passages in the crankcase. The front 
bearing carries the thrust and is a steel-backed 
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babbitt-lined shell. Thu bearing is slaked in place 
lo prevent rotation and endwise movement. See 
(Fig. 23). 

<2; The valve Lappets are lubricated through 
ail troughs cast ui crankcase and drilled passages 
to valve tappet' guides. The oil Uuughe are filled 
(Tom oil spray holes at connecting rod bearing ends. 
A groove cut in center ol valve tappet thank carries 
Ike oil up and down in the guides. 



FIG. 23 STAKING CAMSHAFT BEARING 


b. Rdmoral ol Camtha/t or Vatva Tappet*.— 
To remove the camshaft or valve tappets, proceed 
as follows: 

(1) Raise the power unit about 18 inches from 
the Hoar and support it securely in suck manner 
that the oil pen may be removed later. 

(2) Drain Ike water from the radiator. Remove 
the front housing top plate. Remove housing front 
end support snd radiator assembly. See paragraph 
88. Remove exhaust compartment top plate. 

(8) Remove cylinder head, manifolds, valves 
and valve springs, following the instructions in para¬ 
graph 28. 


(4) Remove oil pump and fuel pump assemblies. 

(5) Dram the oil from the engine. Remove the 
bottom dust plate and the oil pan. 

<t>) Remove fan bdl. fan blade assembly, gov¬ 
ernor bell and crankshaft pulley. 

(7) Remove timing chain cover, camshaft 
sprocket sc re ws and timing chain. 

(8) Tie all valve tappets up with a string 
wrapped around beads of adjusting screws and 
attached to manifold studs. 

(9) Remove sprocket from camshaft. Remove 
camshaft snd valve tappets. 

(10) Carefully inspect camshaft for scores, rough¬ 
ness of cams and bearings. Examine valve tappet 
faces where they contact cams and replace il found 
to be scored, rough or cracked. Check clearance of 
lappets to guides, renewing those which have worn 
excessively. Oversue available, .004*. 

c. Replacing CamthaJt or Volvo Tappet *.— 
To install the camshaft and valve Lappets, proceed 
as follows: 

(1) Install valve lappets and tie up in place 

with string. Install camshaft. camshaft thrust 

washer. 

(2) To set the valve timing, sec instructions 
given in paragraph 30. 

(3) For installation of od pump see instructions 
in paragraph 34. 

(4) Install the plunger and spring in the front 
end of camshaft with round cod out. Inspect pin in 
liming chain cover to see that it stands perpendicular 
to Ibc cover face. Put a light smear of cup grease on 
end of pin and on the end of plunger, then assemble 
cover to the engine. 

• <&) Complete the assembly by reversing the 

operations used far removal of the camshaft. 

M. Valve Timing.— 

a. Timing Cham and Sprocket*. — 

(1) The liming chain is non-ad juslable. The 
lubrication is positive through drilled passages in the 
crankshaft snd sprocket from the front main bearing. 
These should be checked whenever the chain or 
sprockets are replaced. 

(2i To replace timing chain, it u necewary to 
remove radiator, Ian blades, Ian belt, crankshaft 
pulley and timing case cover. See paragraphs 29 
and 39 d (2). Remove screw s bolding camshaft 
sprocket to camshaft and remove chain. 

(3) When chain has been removed it will be 
necessary lo give due attention to the valve tuning 
when chain is replaced. 
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FIG. 15 VALVE TIMING 

(5) inlet valve open. 9* before top renter meaa- 
ured on flywheel or .039* piston travel from top 
center. To cheek valve Umm f . (F, g . 25). adjust inlet 
valve Uppel of K'o. ] cylinder to .020*. Rotate 
crankshaft clockwise until piston in No. 1 cylinder 
is ready for the intake stroke, at which time the 
tappet should just be tight against end of valve 
stem and mark on flywheel “10" in center of lim.nr 
hole in flywheel housing on right aide of engine 

(Fig. 16). 


FIG. 14 TIMING SPROCKETS 

iii Remove the camshaft sprocket and install 
the timing chain. Change the position of. the cam¬ 
shaft sprocket, within the chain, until all four cap¬ 
screw holes are matched. Unless the position of the 
camshaft has been changed, the punch marks on the 
ccBtnhafi and crankshaft sprockets will now he in 
line as shown in tFig. 24 j. Make sure the camshaft 
thrust washer is in place, replace the capscrews and 
again chock the lineup of the punch marks. Tuning 
is correct when a straight line between sprocket 
centers, cuts through the punch marks on bothsprock- 
«U as shown ta iFig. a*,. ] n this position No. 4 
cylinder is at top of compression stroke and the 
distributor arm should be under the segment for 
that cylinder. 

<4J Tighten capscrews and lock with the special 


c. Tuning Chain Cover Sea/.—The crankshaft 
0,1 "•{ “ WOVe " “ b ** u * 'ropregnaled with graphite 
and o.l When necessary to install new oil seal, the 
steel retainer should also be renewed. 


31. Crankshaft.— 

a. -Description — The crankshaft routes in three 
steel-backed babbitt lined bearings, the front bearing 
Uking the thrust. Packing at the rear bearing. (Fig 
26}. prevents the escape of oil. The main bearing 
journal diameter and length dimensions are: Front 
23340*—1 920*; Center, 2.3340*—1.8125*- Rear 
•2A340*—3.75*. 

b. Servicing.— 

(1) The steel-backed babbiti-lmcd bearings are 
made to size and are interchangeable without line 
reaming The running tolerance of the bearing is 
established at .001* to .0025*. No adjustment is 
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provided on the main beam*. Shook! they require 
attention they should be replaced to maintain proper 
control of otl. Maui bearing cap screw torque wrench 
reading 65-70 foot I be. If new crankshaft bearing* 
are installed, care should be taken to see that the 
drilled pamagss line up with drilled passages in the 
crankcase, and that the bearing* set snugly over the 
dowel pins. Underuse main bearing* arc available 
in .010*; .020' and JOfT. 


FIG. *7 REAR BEARING CAP PACKING 


FIG. 26 REAR MAIN BEARING PACKING 

(2) The -end play of the crankshaft is .004' to 
.006* and adjusted by shims between the crankshaft 
sprocket thrust washer and end of main bearing. To 
adjust end play, the crankshaft sprocket must be 
removed with gear puller. 

(S) Whenever it is necessary to remove the 
crankshaft be install new crankshaft bearings, the 
engine has to be removed from the housing. See 
instructions under Flywheel in paragraph 35. 

e. Hear Bearing Sea/.— 

(1) The rear main bearing is sealed by s wick 
true packing, ms tailed in groove* machined in the 
J^keamand rear main bearing cap. (Fig. 26). 

(2) To install a new teal at the rear main bear¬ 
ing cap, insert the packing in the groove with the 
fingers. Then being s round piece of wood or steel, 
roll the packing into the groove. H hen rolling the 
packing, start at one end and roll the packing to the 
center of the groove. Then starting Irora the other 


end again roll toward the center. By following the 
above procedure you are sure that the wick is firmly 
pressed into the bottom of the groove. The small 
portion of the packing which protrudes from the 
groove at each end should be cut flush with the 
surface of the bearing cap. To prevent the possi¬ 
bility of pulling tbe packing out of the groove while 
cutting off the ends it is recommended that a round 
block of wood, the same diameter as tbe crankshaft 
be used to hold the packing firmly in posiuoo while 
the ends are being cut off. 

(3) Should it be necensary to install a new seal 
in the crankcase, it will require the removal of the 
engine from the housing and the removal of the 
crankshaft. The same procedure should be followed 
when installing a crankcase seal as when installing 
a seal in the bearing cap. 

(4) When installing rear main bearing cap to 
case, a little sealer should be put on the fare* of ihe 
cap where it fits against the case. The rubber seal 
packing that goes between the main bearing cap and 
the case is cut to a given length and will protrude 
down from the case spproiimairly •/. Wrea the 
oil pan is installed it will force this *eal lightly into 
the holes and prevent any oil from leaking from the 
engine into the generator adapter. See (Fig. 27). 
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11. CeuKlIat Rod mod Piston AutnUy.- 

a. Con/Mcfin| Mod .—The connecting rode are 
drop forged. The bobbin bearings are of the re¬ 
placeable type. stoel-hacLed, babbitt-lined, prertatoe 
cut to size and no fitting is required. Clearance on 
ennkahafi .0005* to .0025*. Total side clearance 
.OK* to .009*. I'ndersue rod bearings are available 
to j010*. .020* and .080*. 

b. Piston.— 

(1) Tbe piston is aluminum alloy. T slotted, 

cam ground, tin plated and with a boat insulation 
groove above top ring. Pistons are available ia tbe 
fallowing over-aiaee: 010*; .020* and .010* and aemi- 
finiabed .090*. • 

(2) The clearance of the piston in the cylinder 
ban ia 00J*. Check clearance with .003* feeler gauge 
V wide; feeler gauge should have from i to 10 lha. 
pull when being removed. The gauge should extend 
the entire length of the piston on the thrust side 
which is the opposite side from the T slot la the skirt. 
If it is ever found necessary to install an over sue 
piston, the cylinder bore must be boned with a 
regular cylinder boning tool and the manufacturer‘a 
instructions should he carefully followed to get a 
true straight cylinder. Do not cry to lop In a new 
ptoton using compound because It will ruin 
tbe tin plating on the piston and cause a scor¬ 
ing or wiping condition of both the piston and 
cylinder walls. See Chocking Cylinder Boros 
and Cylinder Boring, paragraph 13. 

e. Pssreet Rings.— 

f]> Width of compramion rings 9 32*. Width of 
oil control ring 116*. The upper compression hag 
ia installed with the inside beveled edge up. The face 
of the lower rnmproseira nag is tapered .005*. The 


letters "T-O-P" on the upper edge of the ring 
cate bow the ring is installed. (Fig. 28). 


•FIG. >9 PISTON RING GAP 


FIG. 30 COMPRESSION RING FITTING 

** (2) When fitting tbe nap to the cylinder bores, 

Jthe md gap ia .008*— .019*. (Pig. 29). When fitting 


, Pwtoa rings to grooved, (Figs. 90 and 91). give them 
a the following clearances: Corapreaaioa rings, .0006*— 
• MV; oil rings, .001'—.0016*. Overuse rings are 
* available in the following mam: JOUT; .020*; .030*. 
% Use standard rings up to .010* neeraim cylinder 


FIG. SI PISTON RINGS 
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d. Aeeemkling Connecting rod to tieton.— 

(1) Clamp connecting rod in viae using vise 
jaw protector ihiddi of a aoft rnetaJ or two pieces 
of hardwood on each ade of connecting rod three 
inches frtrtii piston pin end. 

(2) Start piston pin in piston with groove facing 
down. Assemble piston to connecting rod with the 
slot in piston, (Fig. 22), opposite oil spray bole in 
bearing end of connecting rod. Install piston pin 
damp screw. 



FIG. H CONNECTING ROD AND PISTON 


(2) Center piston on pin and place assembly on 
connecting rod aligning fixture. Tilt piston to left 
with piston resting against surface plate. With 
feeler gauge, measure clearance between piston skirt 
and surface plate. Tilt piston to right and check 
clearance. If clearance is within .009* oa both left 
and right positions, connecting rod is ia alignment. 
A difference greater than .003* indicates connecting 
rod is twisted. 

33. Cylinder Bores.— 

o. Checking. —Tbs beet method for determining 
the condition of the cylinder bores preparatory to 
reconditioning is the use of a dial gauge. The dial 
gauge will instantly and automatically indicate the 
slightest variation of the cylinder boras. To use the 
dial gauge simply Insert ia the cylinder bores and 
move up and down its full length. It is then turned 
spirally or completely rotated at different points, 
taking readings at each point In this manner all 
variations in thd cylinder boras from lop to bottom 
may be determined. 
h. Re A nithing .— 

( 1 ) When cylinders are more than .005' out of 
true it is best to re bore the cylinders. The instruc¬ 
tions furnished by the manufacturer of the baring 
equipment should be carefully followed. 

(2) After the cylinder has been r e bored within 
. 002 * of the mat desired, it should be finished or 
polished with a cylinder bone. Do not use a piston 
as a bone. Ia operating, the bone is placed in the 
cylinder bore and run up and down the full length 
of the cylinder walL This procedure should be fol¬ 
lowed until the piston can be pushed through the 
bores with a .003* feeler gauge * 4 * wide on the thrust 
ade and show a pull oa the feeler gauge of fire to 
ten pounds. • 

24. 011 Circulating Systran.— 
a. Oil fuaiy Aeeembty .— 

( 1 ) The oil pump, (Fig. I). is a planetary gear 
type. It consists of two spur gears enclosed ia a one 
piece bousing. It ia provided with a relief valve to 
control maximum oil premure, la opera lx* the oil is 
drawn from the crankcase through the floating oil 
intake. The oil then passes through a drilled passage 
ia the crankcase to the oil pump from which it 
passes through drilled passages in crankcase to 
crankshaft and camshaft bearings. The oil pump ia 
driven from a spiral gear on the cam s h a f t. 

( 2 ) To remove oil pump from engine for dis¬ 
mantling. remove the three nuts 00 studs holding 
oil pump to crankcase. Slide oil pump from studs. 
Remove screw from oil pump cover {date which will 
allow cover to ba removed from bousing. 
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■31 To remove oil pump driven-gear, file off 
one end of uraifhl pin and «iil) a uiull drift, drive 
pin through ml pump shaft. The ml pump ahafl with 
rotor can be removed from the body in an assembly. 

t4) When removing oil relief plunder aprinc 
retainer, rare rnuat be taken not to lone the email 
ehtma which govern the spring tenaion on the relief 
plunger. Adding ehima increase* the ml pressure, 
removing ahims decreases the pressure The pressure 
at which the relief valve opens will register about 22 
Ihs. on ENGINE OIL PRESSl'HE gauge under 
normal operating temperature. 

(&) When replacing the oil pump on engine the 
following procedure should be followed in order to 
have correct timing for the ignition. Set No. 1 
piston coming up on the compression stroke, then 
turn fix-wheel so that the timing mark IGN appears 
on (he fix-wheel in the renter of the bole in the fly* 
wheel housing on the left hand side, (Fig. 16). Set 
distributor rotor at No. 1 terminal tower in distribu¬ 
tor cap. with breaker contacts just breaking. Hold 
the oil pump in one hand with the oil relief valve 
spring retainer in the same position as it would bo 
when installed in the engine; turn shaft ao that the 
wide aide of slot in driven-gear end is toward you. 
then line up the pin holding driven gear to shaft ao 
that it will fall in line with the right side of the slot 
in pump body. Slide tbe assembly on studs in the 
crankcase, feed gear slowly into camshaft gear, not¬ 
ing when fully set, if tbe rotor on distributor has 
moved from its original setting. If so, r em o ve oil 
pump and turn one tooth to obtain the correct 
setting. 

b. Floating Oil Intake .— 

ill The Boating oil intake, (Fig. fl), is attached 
to tbe crankcase with two cap screws. The construc¬ 
tion of the Boat and screen cause it to float on top 
of the oil, raising and lowering in relation to the 
amount of oil in the crankcase. This construction is 
to prevent the circulation of water or-dirt, which 
may have accumulated in the bottom of the oil 
pan. by drawing the oil horizontally from the top 
surface. 

i2) Whenever removed, the Boat, screen and 
tube should be cleaned thoroughly in a suitable 
cleaning fluid to remove any accumulation of dirt. 
Oil pan screw torque wrench reading is 10-14 fL I be. 

C. Oil Filter.— 

(1 • The oil filler. (Fig. 6), is designed to control 
contamination of engine oil. The filler element re¬ 
moves particles of dust, carbon and other foreign 
material from the oil which cause discoloration and 


sludge. The inlet line to the filter is connected to 
the oil distribution line at the front plug on right 
hand side of the engine. The outlet or oil return line 
to engine connects to the timing chain cover. 

l2) When the oil on the level indicator in the 
engine filler-tube becomes dark, remove tbe oil filter 
cover; remove the drain plug and drain out the sludge 
after which, replace tbe drain plug. Neal, remove 
the element and install a new element. Install new 
cover gasket; reinstall cover; start engine and check 
for leaks; then check oil level; add to oil supply if 
necessary. 

d. Engine OH Freaaure Gauge. —The 
ENGINE OIL PRESSURE gauge is of the hydraulic 
type and measures the pressure of the oil applied 
to the engine bearings. It does not indicate the 
amount of oil in the engine crankcase or the need for 
changing the engine oil. A pressure tube connects 
the ENGINE OIL PRESSURE gauge to the engine. 
U requires no special attention other than to see that 
the connection to the engine is light. If the unit 
becomes inoperative, it should be replaced as its 
construction does not permit repair or adjustment. 

35. Flywheel.— 

a. Deacriptton. —The flywheel is made of cast 
steel, machined all over and balanced to insure 
smooth engine performance. The flywheel is attached 
to tbe crankshaft flange by two dowel bolts and 
four special head cap screws. 

b. Remo* mg Ft lot tu thing —No pilot bushing 
is used at the center of the flywheel on this power 
unit. If a new flywheel has such a bushing, remove 
the bushing with a press or with a hammer and 
blunt-nosed punch before installing tbe flywheel. Be 
very careful to avoid marring the flywheel 
surface, particularly the Inner surface of the 
hole and other surfaces where the flywheel 
flu aflnlast machined surfaces. 

c. Assembling.—When assembling the flywheel 
to crankshaft, be sure it is properly insulted in 
relation to No. 1 crank throw, as indicated by the 
liming marks, and that it fiu properly to crankshaft 
flange, to avoid runout or loose nes s. To check runout 
use dial indicator attached to the rear engine plate. 
The runout should not exceed .006* on the rear 
face near the rim. Torque wrench reading 35-40 
fL lbs. 

d. Inti alia tion Jn The Field. —When installing 
• new crankshaft or flywheel in service, it is the gen¬ 
eral practice to replace the Upered dowel bolts with 
straight snug fitting bolts. The crankshaft and fly¬ 
wheel should be assembled in proper relation, then 
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install the straight bolts previously used and tighten 
securely Nest, use a 35. 64' drill to enlarge the 
tapered bolt holes and then ream the holes with a 
•/Ifi* (.5625') straight reamer and install two fly¬ 
wheel to crankshaft bolu No. DOB with two •*'- 
20 hexagon nuu and two ■/&* lock washers, instead 
of the two dowel bolts formerly used. This procedure 
overcomes the difficulty in correctly tapering the 
boles in the field. 

36. Engine Support Plates and Mounting.— 

a. Front Support Hot—. —The front engine 
support piste is bolted to the front face of the cyb 
•“*»' block and forma the back panel for the attach¬ 
ment of the timing chain cover. 

b. Root Support Plate.—The rear engine plate 
is attached to the rear of the cylinder block and pro¬ 
vides a means for attaching the generator adapter 
ring which supports the tear end of the engine. 

37. Fuel System.— 

a. Description.—The fuel system includes the 
fuel link, fuel pump, carburetor, connecting fuel 
lines, shut-off valves, strainers and sediment bowls. 
It may also include an auxiliary fuel tank. The 
most important servicing required is to keep it free 
of dirt, water and leaks. This requires care in handl¬ 
ing of the fuel to avoid getting dirt or water into the 
fuel system, and periodic cleaning of sediment bowls 
and strainers to keep dirt and water which enter, from 
reaching the passages and jets of the carburetor. 
Fuel leaks should be corrected as soon as discovered. 

b. FuoJ Tank.— The 10'£ gallon fuel tank is 
mounted above the generator. It may be removed 
'after first removing the bold down damps. 

C. Fuol Pump.— 

(t) The diaphragm type fuel pump operates 
continuously while the engine is operating snd pumps 
fuel from the fuel tank to the carburetor. See para¬ 
graph IS and Fig. 10 for further description. 

(2) Remove and dean the sediment bowl and 
strainer monthly. When replacing, tighten the damp 
screw sufficiently to bold the bowl tightly on the 
gasket. Check for leaks snd install a new gasket, if 
necessary. 

(3) If the fuel does not reach the carburetor 
bowl, check the fuel aup|>ly, the position of the shut¬ 
off valve, the fuel lines snd strainer before dis¬ 
assembling the mam body of the pump. Remove the 
pump from the engine when moving parts are to 
be inspected or replaced. 

(4) Failure of the pump to function may be due 
to a leaking valve, gasket or dtaphrsgm, or to a 


weak or broken spring. After removing the six screws 
from the pump body, the two main castings may be 
separated to permit inspection of (be interior mech¬ 
anism. Replace worn or damaged parts with new 
ones. Inlet snd outlet check valves sre interchange¬ 
able. The inlet check valve is installed with spring 
down snd the outlet check valve is installed with 
spring up. They are held in place by a straddle plate 
and two screws. Check valve gaskets must be in 
place before check valves are installed. 

(6) The vertical driving member of the dia¬ 
phragm assembly hooks under the end of the lever 
mechanism, as shown in Fig. 10 and must be dis¬ 
engaged at that point before it can be removed. When 
installing a diaphragm assembly, hold the body 
casting in an upside down position to facilitate 
engagement of the diaphragm assembly with the 
hook on the lever. 

(6) When reassembling, make sure that all 
gasketa are in place and all screws light. 

d. Carburator .— 

(1) The carburetor mixes the fuel and air in 
proper proportion for burning in the engine. See 
paragraph 14 and Fig. 9 for further description. 

(2) If the engine is not performing correctly, do 
not hastily jump to the conclusion thsi the car¬ 
buretor b at fault. Fust check carefully the ignition 
•item, valve action, timing, compression, fuel sys¬ 
tem other than carburetor, fuel, oil, operaline tem¬ 
perature, and the load. Only when these items are in 
normally |uuu condition may the carburetor be 
properly adjusted. Do not attempt to compen- 
aate for a faulty condition elsewhere by chang¬ 
ing tbi carburetor adjustment. Correct the 
fault where it exists. 

(3) The carburetor requires little attention other 
than cleaning sad this can be kept at a minimum by 
using clean fuel snd keeping the screens and sediment 
bo»le dean throughout the fuel system. A drain 
plug and screen at the bottom of the carburetor 
bowl should be cleaned periodically. 

(4) Remove the carburetor from the engine 
snd dismantle it for a thorough cleaning. Remove 
die screw plugs, jets snd the idle adjusting screw*. 
Be careful not to lose any of the fibre washers. Clean 
jets and passages with compressed air. if available. 

(5) Do not remove the main noule unless neces¬ 
sary to replace it. It can be cleaned without remov¬ 
ing. If a new one b installed, make sure that only 
one gasket b used with it and that the diagonally 
cut inner end stands in a vertical position m hen tight. 
(See Fig. 9). 
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If necessary, a Mtf( copper wire may be used lo dean 
jcU and bleed. Sever uw an Iron or steel «lr*. A 
alight enlargement or distortion of these hole* may 
make il Decenary to replace the part. Replace any 
paru that are damaged or badly worn. 

iC< Remove the float and inspect the needle 
valve. If went, or known to he leaking, install a 
complete new needle and seat assembly. Shake the 
float. If it contains gasoline, it leaks. Install a new 
one. 

(7) Check the float level. Hold the cover and 
float assembly in an upside down position and allow 
the float to set at the position determined by its 
own weight. Tbe vertical distance *rom the gasket 
surface of tbe cover lo the float should be *»'. If 
measured with gasket in place, make allowance for 
gasket thickness. Take the measurement at the top 
surface of the float, near the end opposite the float 
arm. A simple way to take this measurement is to 
use a sheet metal gauge 2 or 3 inches long and 11 32* 
wide with parallel edges. When set on edge scram 
the inverted cover, with gasket in place, the float 
should barely touch the gauge by its own weight- 
Any change in level adjustment should be made by 
bending that portion of the float arm which rests 
a pun st the needle valve. Bend very slightly. Do not 
roughen or destroy its curvature. Do not stretch 
tbe needle valve spring. 

18 : Do not disturb the position of the metering 
rod. unless neceuary to replace it- la that case, set 
the new rod at same position. If this rod is set too 
high, tbe full load fuel mixture will be too rich and 
vice vena. 

< 9 > In reassembling the carburetor make sure 
that all fibre washers and gaskets are in place and 
that all jets and plugs are light. 

< 10 . The pump on this carburetor is not required 
in constant speed service and should be made in* 
operative by removing the connecting link between 
the pump arm and the pump plunger rod. 

ill i Since a dirty air cleaner may place too great 
a restriction on the flow of air lo the carburetor 
always clean it as described in paragraph 27 c <4) 
w hen serv icing the carburetor. Also, make sure that 
tbe choke opens properly. 

<12; After reassembling the carburetor to tbe 
engine, start the engine. With the power unit oper¬ 
ating at no load, turn the idle adjustment screw in 
(clockwise) until tbe engine begins to run unevenly 
due to lean fuel mixture. Then slowly turn this 
screw in the opposite direction until the engine runs 
smoothly and the power unit develops maximum 


voltage. Do not open far enough for the voltage to 
begin to drop. Recheck this adjustment after the . 
engine has been running half an hour. Proper adjust¬ 
ment is between *; and I'j turns open (counter¬ 
clockwise) from s completely closed position. 

s. Furl tsnos.—The fuel lines require little atten¬ 
tion except routine inspection for leaks. Replace 
leaking fuel lines with new ones. 


/. Sediment Sow/ and Strminsr. —The sedi¬ 
ment bowl and strainer beneath the fuai teak re¬ 
quire periodic cleaning. 



ADJUSTMENTS 

M. Engine Governor.— 

m. D**cript*>n.— The governor is of the fly¬ 
weight type, driven by a V-belt. The outside length 
of the bell is 48*. maximum width, 33/M', angle of 
V. 40*. The governor controls the speed of the engine 
and the frequency of the alternating current gener¬ 
ator. It is lubricated from the oil pressure system of 
the engine normally requires little attention, but it 
is rasmtial that it function properly. Check and 
adjust the belt tension periodically to assure correct 
speed control. Correct belt tension permits one side 
of the hell to be pushed inward IV lo IV by 
applying thumb pressure midway between pulleya 
It is adjusted by shifting the position of the governor 
aaembly as iiermillvd by slotted holes. Fig. 18. 
It is adjusted by shifting the position of the governor 
amembJy as permitted by (lolled holes. (Fig. 18). 
A sealed, vacuum operated governor on the intake 
manifold kmits tbe top speed of the engine in case 
of belt breakage, but the belt should be replaced 
before breakage occurs. 
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b Regulation Li«iiU.-U is advisable to refer 
to II* A.C. VOLTMETER while adjusting I hr 
governor. Al no-load, the voluge diould not exceed 
235 volts. At full loud, unity power factor, the volt¬ 
age should not be lower than 21S volu. 

e. Adjustment.- If necessary to adjusr the gov¬ 
ernor. do sn with engine at normal operating tem¬ 
perature. lYorred as follows: > 

(I) With s|ihng tension on the governor spring. 
Fig. 33, adjust the length of the throttle control rod 
so that the carburetor throttle lever clears the wide 
open slop by 1 44*. 

l2i Loosen the bumper spring screw locknut 
and turn that screw out far enough to prevent ns 
functioning. Loosen the spring slide shoulder strews 
so the slide may move endwise. Start the engine. 
Loosen the spring slide adjusting screw locknut and 
Up* that screw as necessary to obtain correct speed. 

(3) If the governor surges under full or part 
load, adjust the governor spririg eyebolt downward 
until surging stops. For close regulation, keep the 
governor spring eyebolt as high as possible without 
causing surging. Each time its adjustment is changed, 
readjust the spring slide adjusting screw for correct 
speed. 

.'<41 If the governor surges st no load, turn the 
bumper spring screw in until surging slops, but not 
far enough to increase the engine speed. 

(Si Tighten all locknuu and stun. •crews.” 

M. Cooling System.— 

*.■ Description.—The performance of an engine 
is dependent to a great extent upon the proper 
operation of the cooling system. This system includes 
the engine wster jacket, radiator, connecting hose, 
circulating pump, thermostat and the ENGINE 
WATER TEMPERATURE gauge. 

b. Draining Cooling System. —To drain the 
cooling system open the drain cock located at the 
lower right hand corner of the radiator, just under 
the water outlet, also the drain cock at lower left 
front corner of cylinder block. 

c. Filling the Cooling System .— 

(1) Instructions. —Close the drain cocks on 
the cylinder block and radiator. Fill the radiator 
with clean water or, during cold weather, with an 
anti-frsese solution. Do not overfill the radiator while 
anti-freeze solution is being used, because the solu¬ 
tion expands when healed and an appreciable amount 
of liquid would be lost through Ihe overflow. The 
solution should be !* from the bottom of the filler 
neck. The capacity of the cooling systems is 15«i 
quarts. 


(2 j Cmution.— Should water be lost from the 
cooling system and the engine overheat, do not add 
water immediately but allow the engine to cool, then 
add water slowly while the engine is running. If 
cold water is poured into the radiator while the engine 
is overheated, there is danger of cracking the cyl¬ 
inder block and bead. 

d Redietor.— 

fl j Seretcing —The radiator is designed to 
cool the water under all operating conditions, how¬ 
ever. the radiator core must be kept free from cor¬ 
rosion and scale in addition to the maintenance of 
other cooling uniu to obtain satisfactory service. 
At least every 1000 operating hours remove the 
radiator and clean it inside and out in a cleaning 
solution. At the same lime examine core for leaks 
or damaged cells and make any needed repairs. After 
radiator and cooling system have been cleaned and 
flushed out. it is advisable to use a corrosion pre¬ 
ventative. Rust and scale may eventually clog up 
water passages in both the radiator and water jacket 
of the engine unless a rust inhibitor is used. This 
condition is aggravated in some localities by the 
wster avatlsble. 

(2) Removing end Replacing Redietor .— 
To remove the radiator, proceed as follows: 

(a) Remove the front side par.*:* from the 
housing and slide the front top plate back. 

fb) Open the radiator drain cock and drain 
the radiator. 

(c) Loosen the top, front hose damp and 
either of the damps on the hose connected to the 
water pump. Disconnect the wster inlet elbow after 
loosening the damp. 

(d) Remove the four bolts from the front 
ends of the front bousing top-plate guioe-roda. 

(•) Remove the three nuts which hold the 
fan guard. Bend the top radiator support brackets 
outward slightly and remove the fan guard. 

(/) Remove the four bolts which bold the 
front of the exhaust compartment top plate to the 
bousing front support. 

(g) Remove the four bolls which hold the 
bottom comers of the bousing front support to the 
skids. 

(h) Remove four boiu from the sides of the 
bousing front support. 

(i) Tip the front support, with radiator, 
slightly forward and remove carefully. 

O) Remove the two nuts which hold the 
bottom of the radiator to the crossmember of the 
front support. 
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(A) Remove the (our nuU from the two top 
radiator aupporu and lift the radiator from the 
support. 

(ft While radiator is removed, install any 
new radiator how needed, but do not tighten the 
clamps until all other connections are made after 
installing the radiator. 

(m) Install the radiator by reversing the 
above order of procedure. Tighten the how damps 
last, and inspect the connections carefully for leaks 
after the radiator is filled. Stop all leaks. 

(3) Emergency Repairs.—Emergency repairs 
m case of puncture by bullet or shrapnel; if a tube 
it not completely severed, cut it or break it off with 
a pair of pliers. V ilh pliers, strip fins fron\gube above 
and below break for * 2 ' or necessary distance to 
enable bending of the tube around itself and flatten, 
both above and below the break thereby stopping 
the flow of water. 

e. rkwani rsr.—The cooling system is designed 
to provide adequate cooling under the most adverse 
conditions: however, it is necessary to employ some 
device to prevent overcooling during normal opera* 
lions and to quickly warm up the engine from a cold 
condition. This is accomplished by use of a thermo¬ 
stat, (Pig. 7), which is located in the water outlet 
on top of the cylinder bead. The thermostat opening 
is set by the manufacturer and cannot be altered. 
The thermostat opens at a temperature of 145* to 
155* F. To test thermostat, beat sufficient water to 
170* F. and submerge thermostat. The valve should 
open to the limit at this temperature. If valve (■«!■ 
to open, a new thermostat will be required. 

/. Engine Water Temperature Gauge. — The 
ENGINE WATER TEMPERATURE gauge kcon¬ 
nected to a thermal element in the cylinder head by 
means of a capillary tube. If the gauge becomes in¬ 
accurate or inoperative, it should be replaced with a 
new one including thermal element and capillary 
tube. See paragraph 45 e. 

g. Fen end Weier Fump .— 

(If Description .—The fan and water pump, 
(Fig. 34), are mounted on the same shaft. The pump 
k of the centrifugal type and circulates the water in 
the cooling system'. 

<2) Bearing .—The double-row ball bearing k 
integral with the shaft and k packed with a special 
high melting point grease at the time of manufacture 
so it requires no lubrication. The ends of the bearings 
are sealed to retain the lubricant and prevent dust 
and dirt from entering. 

(3) Construction —The bearing k retained in 
the housing by a retaining wire, which snaps between 
the bearing and the water pump body. The seal 
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washer has four lugs which fit into the slots in the 
end of the impeller. One side of the seal washer bears 



PUMP ASSEMBLY 

against the ground surface of the pump body and 
the other against the seal. Tbe rubber seal bean 
against the machined surface on tbe inside of the 
impeller. The seal maintains a constant pressure 
against the seal washer and impeller assuring positive 
seal. The drain hole in the bottom of the housing 
prevents any water seepage past the seal washei 
from entering the bearing. The impeller and pulley 
are pressed on to the straight shaft under 2500 
pounds pressure. 

(4) Dismantling.— Remove the fan belt and 
fan blade assembly and then the water pump from 
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water pump body on an arbor pres* face-plate and 
prew water "pump shaft through impeller and pump 
body. Remove the seal washer and seal. Hare pump 
•haft and fan pulley on press so that the bearing 
will clear in the opening and press shaft from pulley. 

(5) Rea*»emblmg. —To reassemble the water 
pump, install the long end of the shaft in the pump 
body from the front end until the outer end of bear¬ 
ing is flush with the front end of the pump body. Dip 
the seal and the seal washer in brake fluid and install 
in the impeller. Place the impeller on an arbor press 
and press the long end of shaft into the impeller, 
until the end of the shaft is flush with the impeller. 
Support assembly on impeller end of shaft and press 
Ihe fan pulley onto shaft so the end of shaft is flush 
•nth the face of the fan pulley. Move the shaft in 
the pump body so grooves in the bearing and pump 
body line up and install bearing retaining wire. 
InstaHHlh blade assembly with spacer. 

*• B*!t. —The fan is driven by a 42* angle 

V-beJl. Length outside 44‘p'. Width, maximum. 
11/16*. To install fan bell loosen clamp bolt on 
•lotted bracket at idle pulley and move idle pulley 
toward engine. Slide belt over crankshaft pulley, up 
through {an blade assembly and over fan pulley, 
then over idle pulley. Adjust the fan belt by moving 
the idle pulley away from the engine to a point where 
the fan belt can be depressed 1* midway between fan 
pulley and idle pulley, (Fig. 18). The driving of the 
fan and generator is on the sides of the V-bdt; there¬ 
fore. it is not necessary to have the fan bdt to tight 
as to cause excessive wear on bearings. 

i. Anti-Freere Solution.— 

(1) Whin Required .—Where air temperatures 
require, it is necessary to protect the cooling system 
with some type of snti-freexe solution so as to prevent 
damage resulting from freezing. 

(2) Alcohol.— When alcohol is used in an anti¬ 
freeze solution care must be taken not to spill any 
of the solution on the finished portions of the hous¬ 
ing; if so spiiled.it should be washed off immediately 
with a good supply of cold water, without wiping 
or nibbing. The evaporating point of a water and 
alcohol cooling solution is approximately 170* F. 
Therefore, when such solution is used in warm 
weather, itr must be checked frequently with a 
hydrometer as there may be considerable loss of 
•Icohoi through evaporation, thus raising the freez¬ 
ing point and resulting in damage due to freezing. 


(3) Ethylene Glycol Solution. — Ethylene 
glycol anti-freeze solutions have the distinct advan¬ 
tage of possessing a higher point of distillation than 
alcohol and consequently may be operated at higher 
temperatures without loss of the solution through 
evaporation. Ethylene glycol has the further advan¬ 
tage that in a tight system only water is required to 
rvplsce evaporation losses, however, any solution 
lost mechanically through leakage or foaming must 
b« replaced by additional new solution. 

44. Exhaust System.— 
a. Cahauat mnd Intake Manifold*.-- 

(1) Description.—The exhaust and i_Uke man¬ 
ifolds make a unit in which the hot exhaust gases 
are thermostatically controlled and directed around 
the intake manifold to assist in vaporizing the fuel 
when engine is cold, thereby aiding in wanning up 
the engine and reducing oil dilution. It also mini¬ 
mizes the use of the carburetor choke control and 
results in proper temperature of the incoming gases 
under all operating conditions. 



FIG. 35 HEAT CONTROL VALVE 


l2) Functioning. —When the engine is cold, 
the counterweight lever closes the heat control valve 
and directs the hot exhaust gases against the intake 
manifold. See (Figv 5 and 35 •. As the engine warms 
up. the Bimetal spring expands and opens the valve 
directing the exhaust gases into the exhaust pipe. 

(3) Se/rrcrng.—All parts are replaceable but 
little servicing is required. When assembling the 
manifolds to the cylinder block, new gaskets should 
be installed and the : its drawn up evenly until they 
are all tight to avot«i gas leakage. Torque wrench 
reading, 31-35 ft. lbs. 

b. Muffler. —The exhaust manifold is connected 
by steel tubing to the muffler mounted in the muffler 
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compartment b*Iow the radiator. The muffler outlet 
is at me lower left front comer of the housing Ten 
feet of flexible exhaust tubing may be connected 
at the outlet to cany the exhaust gases away from 
the power unit. 

c. Caution.—Do not operate the power unit in¬ 
side a closed room without first having connected 
an exhaust line that will carry all exhaust gases 
out of doors. Exhaust gases are poisonous and may 
cause death. 

d. Servicing .—If the exhaust system becomes 
clogged with carbon it will create a back pressure 
on the engine that will prevent its developing full 
power and will cause combustion chambers and 
valves to become covered with carbon to jhe extent 
that a carbon removal and valve grinding job will 
become necessary. Keep tbe exhaust system free 
of excessive carbon. Keep all joints light. If the 
flexible pipe leaks, replace it. 

41. Ignition I'nit.— 

• ■ Breaker Contact s.—The breaker contacts in 
the ignition unit, .Fig. £ . eventually become pitted 
and must be replaced. When not too badly pitted 
they may be resurfaced by means of a carborundum 
hor.e. They must be removed to do ibis. Surfaces 
should be finished to a very slightly convex form, 
almost fiat. W hen property adjusted they must 
open 02v* and when closed they should contact 
at the centra! areas of their surfaces. Spring tension 
is adjustable and should be between 1? and 20 
ounces, measured at the contact of the breaker arm 
just as the contacts separate. 

t. Condenser.— If spark is weak and breaker 
contacts are badly burned and have a sooty appear¬ 
ance it is probable that a new condenser is required. 
The condenser may fail without such symptoms. 
Tne condenser capacity should be between .18 and 
-2t> microfarads. Replace with a new one if outside 
these capacity limits. 

c. Cap and Rotor.—Keep the distributor cap 
and rotor clean. If the cap is cracked, shows evi¬ 
dence of arcing or has corroded contacts, replace it 
with a new one. Replace tbe rotor when it becomes 
burned too short, as may be evidenced by a burned 
condition on top of the strip. 

d. Governor .—The governor should be checked 
for free operation. Hold the distributor shaft and 
turn the cam to the left as far as it will go and re¬ 
lease. The cam should return immediately to its 
original position with no drag or restriction. Inspect 
the distributor shaft bearing in housing, also the 
shaft friction spring on end of shaft inserted into 
the coupling on the oil pump shaft; if damaged, 
reolace. 
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Timing —Ordinarily the timing of the ignition 
unit should not be disturbed. If, however, it should 
become necessary to retime the unit after having 
removed it. the following procedure may be followed. 

(1) Remove the cover from the timing hole 
on the flywheel housing tFig. 16). Crank the engine 
slowly with the hand erank until No. 1 piston is 
coming up on compression, and stop when the igni¬ 
tion timing mark 1CN of the flywheel appears in 
tbe center of the timing hole in the flywheel housing. 

(2) Place the distributor arm of the rotor in 
line with No. 1 tower of the distributor cap and so 
that the breaker contacts are just 0 |iening. Set the 
unit in place on the engine and turn the rotor shaft 
slightly, as necessary, ao that the driving lug on the 
end of the shaft engages the slot in the drive coupl¬ 
ing. Then push the unit down and install the hold¬ 
down screw. Route the case until the contacts are 
just breaking and lock in place by tightening the 
clamp screw. Complete the assembly. Start the 
engine and recheck the timing with a neon timing 
light, if available. The correct timing depends some¬ 
what on the fuel used and should be set at the point 
at which the constant full load voltage is highest. 
A further test is to switch from no load to full load 
at once. If there is a pinging knock during accelera¬ 
tion. retard the spark just enough to eliminate it. 
Final adjustment is made by loosening the clamp 
•crew and turning the unit slightly, as necessary. 
Tighten screw. Insult the timing hole cover. 

42. Spark Plugs.— 

Keep spark plugs clean and properly adjusted. 
When porcelains crack or become badly eroded, or 
when electrodes are badly burned, install new spark 
plugs of same type, which is Champion No. J-9 
Set the gap between electrodes at .030*. When in- 
»tailing, make sure gaskeu are in place and tighten 
the plugs securely. 

42. Battery.— 

The battery requires certain routine attention. 
Follow the battery manufacturer's instructions when 
available, otherwise check as follows. 

a. Keep the water level about abort the plate 
separators. i'ta distilled water, clean rain water 
that has not been handled in metallic containers, 
or water known to be harmless to batteries. Avoid 
overfilling. Never allow water level to recede below 
tops of separators. 

b. Keep the top of battery and the terminals 
clean. A coating of petroleum jelly on the terminals 
helps prevent harmful corrosion. 

c. Keep the battery in a fully charged condition. 

If allowed to remain ia a low iuu of charge, sulpha- 
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lion of plates will reduce il<e capacity and greatly 
shorten the life uf llie battery. A discharged battery 
will freeze at 20* F. above xero. 

44. Solenoid Starting Switch.— 

If it is suspected that the solenoid starting switch, 
(Fig. 5 . 1 , is not closing properly, test by touching a 
heavy jumper wirf across its two large terminals. 
If the engine is not cranked as a result, there is 
trouble elsewhere. If the engine is cranked, as a 
result, touch a jumper wire from its positive ter¬ 
minal to which the positive battery cable is con¬ 
nected. to the smaller front terminal. If the engine 
is not cranked as a result, the solenoid starting switch 
is at fault and a new one should be insulted. 

45. High Water Temperature Cut-Off Switch.— 

a. Description.— The setting and functioning of 
the high water temperature cut-off switch. tFig. C), 
are explained in paragraphs 6 m <13 1 and 23. To 
assure proper functioning, its accuracy may be 
checked in the following manner. 

b. Chare king Accuracy.— Remove the radiator 
cap and insert the bulb of a good Fahrenheit ther¬ 
mometer in the water in the radiator. Set the dial at 
220. Cover the radiator and operate the engine until 
the water temperature exceeds HJU* F. Then slowly 
turn the dial counter-clockwise until the ignition 
is switched off. Then the dial reading should coincide 
with the thermometer reading. If the readings differ, 
the dial scale should be adjusted. 

c. Adjusting .—The factory setting of the dial 
scale is sealed by applying sealing com|>ound to a 
small area of both the scale and the central disc 
of the dish Do not break this seal unless it is 
necessary to adjust the dial. Then, after checking 
with a thermometer as just described, loosen the 
two screws in the central disc of the dial without 
disturbing the dial setting. With the screws loosened, 
break the seal and set the scale so its reading corre¬ 
sponds with the thermometer reading just uken. 

Tighten the screws. Set the cut-out switch for a 
higher temperature to permit starting the engine. 
K*j>eat the test to verify the correctness of the 
adjustment. 

d Adjusting when m Thermometer Is Not 
Available .—Water in an open vessel, such as an 
unrapiwd radia.or, boils at 212* F. at sea level. The 
IwMiing point drops approximately 3* for each 1000 
feet aliove sea level. If the elevation with respect 
to sea level is known, the approximate boiling point 
of water forthat location may be calculated and that 
value may be used to check the switch operation. 
It is imiKM-tant that the cooling liquid be water only 
wlien making lint check. 0|*Tale the engine with 


radiator covered, and with cap off. until the water 
Ixdls Irw-ly. Turn (tie dial counter-clockwise until 
lie ignition is swiu l<ed off. then compare the dial 
reading with llie calculated water temperature. If an 
adjustinent is required, adjust the dial scale so that 
the reading at llie instant the ignition is switched 
off. with water boiling, corresponds with the cal¬ 
culated u-ni|ieralure. The method of changing the 
dial scale adjustment is explained in the preceding 
jiaraprjph. I se the thermometer method of adjust¬ 
ing when |KMuble. 

r. Engine Water Temperature Ceuge. —The 
reading of the ENGINE WATER TEMPERA- 
TI RE gauge should be checked against the ther¬ 
mometer reading or the calculated boiling point 
temperature. If llie gauge is more than a few degrees 
inaccurate, install a new gauge and thermal element. 

44. l.ow Oil Pressure Cut-Off Switch.— 

The low oil pressure cut-off switch, <Fig. 5:, 
closes w hen the oil pressure drops to approximately 
ti lounds per square inch, operates the slop relay 
and switches off the ignition. If the engine stops 
unexpectedly and the water temperature is normal 
it may be due to the closing of the low ml pressure 
cut-off switch because of low oil pressure 1/ the oil 
(•ressure will not build up to about 6 pounds per 
square inch and o|ien this twitch, the engine will 
im.i continue to run after the START button is 
released. Throw llie MANTAL START-REMOTE 
START switch to MAXl'AL START position and 
start the engine. If the ENGINE OIL PRESSERE 
gauge show * that the oil pressure does no: ouild up 
normally, do not operate the engine until the trouble 
is located and correcteu. If the ml pressure builds 
up normally and it is suspected that the low oil 
pressure cut-off twitch is at fault, disconnect the 
wires from it. throw the MAXl’AL START-RE¬ 
MOTE START switch to REMOTE START |-osi- 
tion and start the engine electrically. If the engine 
runs normally and with normal oil pressure, but 
stops as soon as the wires are connected to the low 
oil pressure cut-off switch, the cut-off switch is at 
fault and a near one should be installed. The engine 
may be operated temporarily without the protection 
afforded by this switch, if necessary. If this is done, 
connect the two wore terminals together and tape 
the joint. Give special attention to the lubrication 
during the emergency and install a new low oil 
pressure cut-off switch at the first opportunity. 

47. Battery* Charging Regulator and 
Resistor Group.— 

a. Battery Charging Regulator —If the bat¬ 
tery charging regulator fails to function pmt>erly as 
explained in paragraph 30 d , it should be replaced 
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with a «w oar. If (hr rlwcim! nir ruminur* at 
about 10 amperes aflrr all battery <v(U are known 
to lie fully charged, it niav hr tlur to an u|wn circuit 
in the regulator coil or to sticking rvg ulatur contact*. 
If the charging rate dor* not rise higher than about 
2 ampere* when the hatter) is known to be in a low 
Hate of charge it may be tlur to the regulator con¬ 
tact* not clounr |iropcrly or, if closing, not making 
good electrical contact If trouble in the battery 
charging regulator is suspected, substitute a new 
relay. If the new relay corrects the conJilwuis, dis¬ 
card the old one. 

k. Re sisror Croup — Whenever the power unit 
is in operation, heat should be generated in the 2.5- 
ohm resistor No. 6tit*. If it remain* cold while the 
power unit is in operation it |«ol>Jbty is defective. 
Substitute a new one. if the new one functions nor¬ 
mally. discard the oUi one. Heat is generated in the 
two 2-ohm resistors only while the battery is charg¬ 
ing at the high rate of about 111 amperes. If one of 
these resistors is defective the high charging rate 
will be reduced and no beat will be generated in the 
defective resistor. Replace the defective resistor with 
a new one. 

-U. Relays.— 

a. General.- The relays on the control panel 
require no attention under normal conditions. All 
relay# are of direct-current type. In case of failure 

of any relay the power unit may be operated tem¬ 
porarily by stanirg manually. The functioning of 
the relays is explained in paragraphs 25 and 26. 
By referring to wiring diagram (Fig. 14• and using 
it in connection with paragraph 26 the various relay 
circuit* msy be checked and any relay trouble may 
thus be traced to a certain relay. Substitute a new 
relay for the one suspected of being at fault, and 
observe whether the condition is corrected. The bet¬ 
ter) charging relay may be repaired, if necessary. 
A defective sun, ignition or stop relay should he 
replaced with s new ooe. 
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6. Battery Charging Relay. — The halt it y 
charging relay requires little attention. Do not dis¬ 
turb the fartury adjustment unnecessarily. II the 
adjustment has been disturbed, or s new part has 
been installed, a definite procedure must be billowed 
in making correct adjustments. Refer to (Fig. 37J 
in connect hs with these instructions. 

i) i With the roil assembly installed in the frame 
and the nut securely tightened, place the armature 
and contact assembly in position. The contact spring 
rests against the armature si the point (A) with a 
pressure of shout one pound. If this tension has been 
lost, install a new armature and contact assembly. 

(2) Install the stationary contact panel with 
contact. The screw holes arc elongated to permit 
adjusting. 

<3» Adjust the gap tC) to approximately .040* 
by raising or lowering the stationary contact as 
permitted by slotted hole* (Dt. Measure this gap 
with a thickness gauge when contacts are just touch¬ 
ing. 

(4i See that contacts set squarely together when 
the armature is entirely down and that they make 
coo tact at the centers of the contact surface*. If 
necessary, bend the frame slightly at pninl (F) and 
the contact arm at points (El to obtain correct 
alignment. After bending at either point it will be 
necessary to readjust gap (C). 

IS) Adjust gap (B) to between 3/64* and 1/16' 
by bending the stop as required. 

(6) If a new spring is to be insulted, it must be 
stretched very carefully before assembling. The coils 
of a new spring rest lightly together with some 
tension. Stretch just enough so s very small clearance 
remains between coils when released, just enough 
clearance to coils do not touch. If clearance is too 
greet, discard the spring. 

(71 Install the Hiring with the hooks atUched 
in exactly the directions shown in (Fig. 3X.I. 

■ l8l Adjust the spring tension so that 10 volts 
direct-current applied to the coil will close the con¬ 
tacts forcibly but 8 volts will not be sufficient to 
close them. Use 5 cells of the battery to obtain 10 
volts, 4 cells to obtain 8 volts. To increase the spring 
tension, bend the lower loop up closer to the first 
coil. If more tension is needed than obtainable in 
this manner, bend the support downward at iGi. 
To reduce tbe tension, bend the support upward. 

44. Changing Engines.— 

a. Removing the Engine .—To remove the en¬ 
gine Irom the )«ower unit, proreed as follows: 

(1) Remove the front housing support and radi¬ 
ator as instructed in paragraph 39 d (2) (a) through 
lit. 
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(2) Remove the rear housing superstructure 
and the entire generator, following instructions con¬ 
tained in paragraph SO c through /. 

(3; Remove the electric choke control rod. Dis¬ 
connect the exhaust pipe from the exhaust manifold. 

(4) Remove the two front engine support bolls. 

(5) Attach a hoist to the engine and lift it 
from the skids. 

k. I ns tall mg rhe Engine.— 

til Lower the engine carefully into the skids 
by means of a hoist. Place substantial blocking 
under the rear of the oil pan to support the engine 
about half an inch above iu normal position. While 
still attached to the hoist, install the front engine 
support bolts loosely. Remove the hoist. 

(2) Install the generator by reversing the pro¬ 
cedure of diaamembly and giving particular attention 
to the instructions contained in paragraph SO g 
yj^hrough (3). 

(3) Install the front housing support and radi¬ 
ator by reversing the procedure of disassembly. 

(4) Connect the exhaust pipe to the manifold, 
uaing a new gasket and lightening the nuu securely. 

(6) Install the electric choke control rod. 

St. Generator.— 

a„ Routine Servicing.— 

■ (1) Bruth Inspection. — Remove the cover 
from the exciter every 200 operating hours and 
inspect the commutator, collector rings and brushes. 
Make sure that brushes move feely in holders and 
have uniformly good spring tension. Correct spring 
tension is 14.S to 19.5 ounces for the slip ring 
brushes; 30 to 40 ounces for the exciter brushes when 
the end of the spring is even with the top of the 
brush holder. Replace any brushes worn to leas than 

V length. 

(2) Sending Brushes —Sand new brushes to 
a good seating contact. This may be done by drawing 
a strip of N'o. 00 sandpaper around the commutator, 
sanded side out, while the brush reals on the sanded 
surface of the paper with normal spring tension. 
See lFig. 18 1 - Make sure that the sandpaper con¬ 
tacts a large area of the commutator both directions 
from th<* brush. Draw the sand|iaper in the normal 
direction of armature rota (ion. Raise the brush for 
the return stroke. Repeat until a proper seating 
surface is obuired. Slip ring brushes are sanded in 
the same manner. 

f 

13 ) Commutator . —The rommutalor acquires 
a mahogany-colored surface after being in service 
a short time. If smooth, this surface requires no 
attention. Slight roughness may be improved by 
bolding a piece of No. 00 sandpaper against the 
surface while the engine operates slowly. Brushes 
should be lifted in holders while doing this operalioi • 



FIG. 31 CARE OF COMMUTATOR 
AND BRUSHES 


A badly worn, burned or pitted commutator viO 
require refinishing in n lathe. After refinishing the 
commutator, or whenever the copper has worn down 
flush with the mica insulation which is between the 
bars, the mica must be undercut 1 32' as shown in 
(Fig. 38 1 . These operations should not be attempted 
by unauthorized personnel. 



FIG. 39 NEUTRAL POSITION 


OF EXCITER BRUSHES 

t4l Neutral Position of £ teller Brushes .— 
The edge of the exciter brush ring has a small in¬ 
dentation that coincides with the edge of supporting 
bom when the ring is in proper neutral posiion. See 
(Fig. 391. This spot is marked with yellow paint on 
both the ring and the support bom. This anting of 
the brush ring in neutral position should be main¬ 
tained. 

(5) Slip Rings.—The slip rings require the 
same attention as the commutator except that them 
is no mica to be undercut. 

l6) Cleenlinesa — After servicing the commu¬ 
tator, slip rings and brushes, -blow the mod, copper 
and carbon dust from the generator. ** 
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Cl) Generator Ball Bearing. Every ihree 
months. or GOO otwraling hours, whichever occur* 
lir*t, remove the bearing cover from the generator 
end bell. Cleon the old peso* from the bearing recess 
and repack wilh on approved boll bearing lubricant. 
Do not use common hard oil. Replace the cover, 
using a new gasket, if needed, lie sure the retaining 
rl»p* which hold the outer race of the ball bearing 
from turning in the end bell are in place. 

6. Major Servicing. — Replacement of eiciter 
field coil*, rotor or stator (Fig. 40). will require re¬ 
moving major part* of the generator. The housing 
super-structure must be removed before 'such majx 
servicing of the generator can be done. 

C. Removing Hooting Super - structure. — 
When it become* necessary to remove a major part 
of the generator, the housing super-structure must 
be removed. It is best to remove it as a complete 
amembly, using the following schedule of operations: 

(I) Disconnect all wires leading from the power 

unit. 

1 $) Remove the side and top panels from the 
housing. To remove the front lop panel it will be 
necessary to remove the bolts by which the retaining 
chains are attached to the panel. 

(S) Disconnect all battery cables at the battery. 
Remove the four thumb screws and the top frame 
which hold the battery down. Remove the,battery 
and the sliding battery tray. 

.(4) Remove three screws from the top edge of 
the control panel and lip the panel out and down to 
a horizontal position. 

(5) Disconnect from the panel the bond strap 
extending from the exciter end bell. Disconnect the 
four main generator leads at the a-c terminal block. 
Attach numbered tags to the wires as they are 
removed, to assure proper connections when reassem¬ 
bling. 

(6) Close the control panel and replace the 
center screw. 

AT) Remove the tape from the wire harness 
assembly which extends forward over the generator. 

(8) Disconnect the larger cable from the right 
hand terminal of the solenoid starting switch. 

(9) Disconnect the wire from the electric choke. 

(10) Disconnect the two wires from the low oil 

pressure cut-off switch. 

(II) Disconnect the oil pressure gauge line at 
the fitting near the low oil pressure cut-off switch. 

(12) Disconnect the wire from the clip of the 
ignition resistor above the rear end of the cylinder 
head. 


113j Disconnect the wire from the high water 
lem|»cralure cut-off switch. 

(14 1 Open the radiator drain cork and drain the 
radiator. If the cooling system contains an anti¬ 
freeze or a rust inhibitor, the liquid should »*e 
drained into a clean container and saved for re-use. 

(13) Remove the thermal element from the left 
side of the cylinder head. To do this, remove «*nly 
the smaller of the two brass hexagonal nuts. Dis¬ 
connect the bond strap from the capillary tube. L*y 
the thermal element back in the right side of the 
housing, being careful to avoid making a sharp bend 
or kink in the capillary tube. 

116) Close the 2-way shut-off valve beneath the 
main fuel lank by turning the valve handle to the 
rear. Disconnect the fuel line at the sediment bulb. 
If an auxiliary fuel line is used, disconnect it at the 
end near the 2-way valve. 

(17) Remove the two bolts from the left hand 
bracket of the air cleaner. 

(18) Remove the four bolts from the rear ends 
of the front top plate guide rods. 

(19) Remove the two bolts from the bottom of 
the lifting yoke. 

1 20) Remove the eight bolts which hold the legs 
of the center and rear housing supports to the skids. 

(21) Check to see that all necessary disconnec¬ 
tions have been made. 

(22) Lift the super-structure several inches so 
as to clear the generator and remove from the rear. 

d. Removing Etcilar Frame. —After the hous¬ 
ing super-structure has been removed, the exciter 
may be removed. I Toceed as follows: 

(1) Remove the cover band from the exciter, 
lift all brushes high in their holders and set the ends 
of the springs against them to hold them high. 

(2) Remove the end bearing cover from the 
exciter end bell. Remove the screw and lock which 
bold the outer race of the ball bearing from turning. 

(3) If the entire generator frame is to be re¬ 
moved. omit the next three operations and proceed 
to paragraph SO d. 

(4) Disconnect the shunt field lead near the 
upper left exciter brush holder, and the series field 
lead near the lower left brush holder. 

(5) Remove the cap screws which hold the 
exciter to the generator frame. Remove the end bell. 

tGl If the exciter field assembly is lobe removed, 
first remove the outlet cover from the top of the 
generator frame; unlape the group of lead wires and 
separate the exciter series field lead from the four 
a-c leads Then the exciter frame may be removed. 
It may be lapped on either side with a lead hammer 
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lo break the joint. Then insert small prying bars 
in the joint at opposite snies of the frame and com¬ 
plete llie removal. 

.. Supporting rh« Rotor - After the end bell 
or the com|4ete generator frame u removed, the 
rotor has no rear support and care must be used 
to avoid placing any weight on this expos'd end. 
At whatever stage the disassembly is stopiied. place 
wood blocking under the bearing end of the rotor 
shaft to carry the weight of the rotor, tMg 13i. 
To leave it un*upi>on*d for a considerable time may 
result in distorting the shaft. Do not pul blocking 
under the commutator or slip rings. If the blocking 
is done with the bottom dust plate in place, blocks 
must be placed below the dual pan as well as above it. 

/. fi.uior.ng Generator. — After the housing 
super-structure has been remo , 'ed. the generator 
frame mar be removed. This may he done filhout 
removing the exciter from the generator frame, if 

desired. iToeeed as follows: 

(1) Remove the eight bolls which hold the spare 
pans bo* supports to the skids and remove the 
box assembly. 

t2, Remove the eight screws which hold the 
bottom dust plate to the skids and remove the bottom 
dust plate. 

(3) Remove the cover band from the etcher. 
Lift all brushes high in their holders and set the 
t nd . of the springs against them U> hold them high. 

(4) Remove the end bearing cover from the 
exciter end bell. Remove the screw and lock which 
bold the outer race of the ball bearing from turning. 

(5) Loosen, but do not remove, the two front 
engine support bolts. Loosen the upper radiator 
btwe connections. 

( 6 ) Remove the two cap screws and four bolls 
which rnvli the generator mounting blocks to the 


llO> Remove tlie nuts from the studs which hold 
the generator frame to the adapter housing Slide 
the generator frame assembly lo the rear until it 
clears the rotor assembly. Be careful tliat the frame- 
assembly does not ride on the rotor assembly as it 
it being removed. 

illt If the rotor assembly is not to be removed, 
support the bearing end of the rotor on blocks just 
suflu wnily high to carry its weight without dis¬ 
torting the shall, ifig- 13). 

il2i If lt»e rotor is to be removed, attach a rope 
around the shall near each end of the assembly and 
sup|>ort its weight with a hoist Then remove the 
cap -crew, which attach the drive flange to the 
flywheel Remove llie rotor assembly from the fly¬ 
wheel carefully so as not to damage the pilot which 
(its in a recesa in the engine flywheel. 

1 13 1 If the adapter ring is to be removed, place 
blocking under the rear end of the engine, altead of 
tlie adapter nng so as to support the weight of the 
engine. Then remove the blocks from under the 
adapter ring. Remove the bolts which attach the 
adapter ring to the engine. Slide the adapter ring 
back until free of the engine. _ 


(7) Remove the screw from the top center of 
the genera tor frame and screw in an eye bolt with 
which to lift the generator. The thread is *»'-13. 

<gi Attach a hoist to the eye bolt and raise the 
generator about half an McL Then place substantial 
bfrwkwn under the generator adaptor ring so as to 
support the rear end of the engine after the generator 
frame is removed. Lower the weight onto the block¬ 
ing and make sure there is sufficient blocking to hold 
the generator supports about ’ 4 * off the skids. Be 
careful npl to raise the generator so high as to cause 
damage to the connections at the front of the engine 
«r to jam the fan against the radiator core. 

f9j Again support the weight of the generator 
by meara of the hoot, but do not raise the adapter 
rin* from the blocking. 



FIG. 41 CHECKING ROTOR ALIGNMENT 
WITH DIAL GAUGE 

g. Attembhng Generator to Rowor Unit. 

(1 1 Reassembly 1 * accomplished by a reversal 
of the operation uned in disassembly. l‘se care. Make 
sure that all contact surface, between part* are clean 
before fitting together. Tighten all nuts, screws and 
connections securely. I’se lock washer, in all places 
where they were used originally, preferable new 
lock washers. 

l2 1 After tightening the cap screws which attach 

* the rotor drive flange to the flywheel, use dial gauge. 
• Fig. 41). and check the alignment of the rotor. The 
run-out sliould not esceed a total of .010*. To correct 
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iimnivr iuihiuI, turn by means of luml trunk until 
liilth suit' is up. Grasp tin* cud uf rotor in both luwb 
and |nish downward, but not too forcibly. Then teat 
again. Ke|x*al until total run-out as shown by dial 
gauge is within .Old*. Loosening and re-lightening 
the cap screws may I trip to correct excessive run-out, 

t3) lie sure to install the rear bearing lock, 
fitting it into the slot in the bearing rate. Pack the 
bearing housing full of ap|iruved I tall-bearing 
lubricant before installing ctiver. 'l ighten the front 
engine mounting bolts and the hoar clamps, Before 
starting the engine, check your reassembly carefully 
to make sure no o|»eralion has been omitted. 

h. Testing Winding*. — 

1 1) General. Must of the following testing 
instructions may be used without disassembling the 
generator. In each instance where an exciter arma¬ 
ture winding or an alternator field winding tests 
often-circuited, short-circuited or grounded, the prac¬ 
tical repair is to install a new rotor assembly. If a 
stator winding tests open-circuited, short-circuited 
or grounded, the practical re|»air is to install a new 
stator winding assembly unless the trouble is in the 
leads outside the winding proper. The rotor windings 
and the stator windings ran be successfully repaired 
only by a competent rewinding shop. The tests te- 
quire the use of a 6 -voll battery, a 3 or 4 candle- 
power, 6 -voll lamp and socket, two test prods and 
the necessary connecting wire as shown in rFig. 42 1 . 
Certain tests require a d< voltmeter. Before starting 
the tests, remove the cover Trom the exciter, lift 
til brushes high in their holders and set the ends of 
the springs against them so as to hold them high. 
Then disconnect the four stator winding cables from 
posts of the a-c terminal block and the large exciter 
cable from U»e right hand terminal of the solenoid 
starling switch. See wiring diagram. Tag the cables 
•o at to avoid error in replacing them. In using 
test prods, make sure that good electrical connec¬ 
tion is made at points of contact. 

(2) Tatting Stator Windingt for Grounda .— 
Touch one lest prod to the stator frame. Touch the 
other prod to the terminal of one of the generator 
leads. If the lamp lights, the stator winding is 
grounded. Inspect the cables throughout their lengths, 
since it is possible that the ground may be in the 
cable instead of the winding. If so. tape the defective 
section of the- cable with several layers of half- 
lapped rubber tape, then with twg layers of friction 
tape. If the ground is in the winding proper, the 
winding assembly will have to be replaced. 

r 

(3) Tatting Stator Wmdingt for Open- 
Circuit. - Touch one lest prod to the neutral cable 
terminal. Touch the other tost prod to one of the 
terminal of one of the main stator leads. If the lamp 
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FOn TESTING OPENS 1 GROUNDS 

USE S-4CAN0LC POWER BULB 

USE 12 VOLT BULB WITH 
12 VOLT BATTERY. 

USE • VOLT BULB WfTH 
• VOLT BATTERY. 


ocafei 


FIG. 42 TEST LAMP 


does not light, that winding is open-circuited. Repeat 
the test, slicking the prods through the cable in.->ui- 
ation and into the copper of the cables near the 
two terminals instead of touching the terminals if 
the circuit does not test of*en on this test but tests 
open when contact is made at the terminals, i: 
indicates that a terminal is loose on its cable. Sweat 
it on securely with solder. Test between neutral and 
each of the other stator leads in the same manner. 

(41 Checking Stator Wmdingt for Short- 
Circuit.—A short -circuited stator winding will be¬ 
come excessively heated and soon will destroy the 
insublion of the short-circuited portions of the wind¬ 
ing. This condition may be determined by visual 
inspection of the stator winding after the alternator 
frame assembly has been removed from the lower 
unit. A short-circuited stator winding should be 
replaced with a new one. 

(5) Tatting Altarnator Field Winding for 
Open-Circuit. —Touch one lest prod to each col¬ 
lector ring. If tne bmp dues not bght, the held 
circuit is open-circuited. 

(6) Tatting Altarnator Field Winding for 
Short-Circuit.—II a considerable number of turns • 
in one coil are short-circuited, that roil will run cooler 
than other roils which are in good condii ion. Grounds 
at two points in the winding would si tori -circuit the 
intervening portion and the winding would le>t 
grounded. 

l"l Tatting Kotor Wmdmgt for Ground* 
Touch one lest prod to the rotor shaft and the other 
to a collector ring. If the lamp lights Ihc alternator 
field winding is grounded. Touch one test |*nwl to the 
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fu4t»r shaft and (hr tMhrr la iIm* n«iiiv iiNiiniuialtv, 
if I hr lamp lights, t hr rxritrr arnuiurc mndinf or 
Ihr commutator t* grounded. 

> Truing the Exciter At mat urr tor Open 
or Short-Circuit. - Thii lol may hr made by urr 
of an armature gr«mler afirr lim removing l he 
exciter frame. Folio** (he iiMrut iunu* which accom¬ 
pany ihr pwln. The voltmeter mohnd of testing 
may be used by one ex|ivnmred with such texting. 

*9* Tearing Enater Field Winding* tor 
Ground* — Disconnect (he ahum field lead near 
the upper left exciter brush holder and the aerie* 
field lead near the lower left brush holder. Dis¬ 
connect the heavy exciter lead from the right hand 
terminal of the solenoid starting snitch. Touch one 
lest prod to the exciter frame. Touch the other 
test prod to any of the held leads. If the lamp lights, 
the winding is grounded. Inspect the leads. If the 
ground is in a lend, tape the defeclit^ section with 
se\eral layers of half-lapped rubber tape, then with 
two layers of friction tape. If the ground is in the 
winding proper, the exciter field must be removed. 
Then remove the hollow-head screws which hold the 
field pole shoe to the frame. Remove screws from one 
pole shoe at a lime, push the pole shoe and coil 
away from the frame and test again for ground. The 
ground is at the coil last loosened before the test 
indicates that the ground has been removed. Remove 
the pule shoe from the coil and locate the grounded 
spot on the coil by visual inspection. Install a new 
minding. If a new winding is not available, it may 
be poswble to repair the coil by taping the defective 
area with several layers of carefully half-lapped 
friction tape, then shellacing the area. Replace after 
the shellac has dried. 

(10) Testing Exciter Field Winding* tor Open 
or Short-Circuit. —The exciter field windings are 
connected in parallel-series and the field assembly 
must be removed to test for short or open circuits. 
Disconnect the four coil lends at the point where the 
shorter, heavy cable connects with the windings. This 
breaks the connection between the shunt and aeries 
windings and provides open ends for testing each 
winding as a straight series of four coils. Use the 
test prods to test for open circuit in cither winding 
and for short-circuit between windings. Test for 
short circuit in the turns of a shunt coil by connect¬ 
ing the aeries of four shunt coils across s 6-volt 
battery and taking a voltage reading heroes each 
coil. If the voltage is lower on one coil than on the 
others, that coil has some turns short-circuited. 
Short-circuited turns in ooe or more aeries field 
coils may cause slow cranking or failure to crank at 
nil but would not prevent generating. To last for 


«**n circuit in nibcr the shunt or amt. field wind¬ 
ing. touch one text prod to each of the two end. of 
the wrirx *d four mils. If the bmp does not light, 
there is an open circuit. Inins the trouble is located 
at connections between coils and easily rejtuirt-d, 
install new mils. 

till Other Tears.—The same lest set may be 
used for many tests for grounds, open circuits or 
short circuits elsewhere on the power unit. When 
the bmp lights, obviously the circuit between prods 
is complete, and vice versa. 

SI. Suppression Equipment.— 

n. General.— To reduce interference with radio, 
the power unit is equipped with capacitors, suppres¬ 
sors. bonding straps, internal-exl*raai tooth (I.E.T.) 
lock washers and a metal housing. A complete tune- 
up would indude at least a visual inspection of (his 
equipment to nuke sure none of it is missing and 
that all connections are dean and tight. In ease of 
excessive radio interference, n more thorough check¬ 
up must be made. The suppression equipment is 
intended to care for interference that otherwise 
would result from the normal operation of the power 
unit when in normally good condition. An abnormal 
condition of the power unit, or of the load, may 
result in more interference then the suppremion 
equipment can control. Therefore, do not assume 
that the suppression equipment is st fault until the 
power unit has been checked thoroughly’for such 
condition. 

h. Metal Hou*ing. —The metal housing serves 
as shielding and thus pbys an important part in the 
suppression of radio interference. The power unit 
should be operated with aide panels and top plates 
in pines. 

«. Loose Connection*. —Check the entire power 
unit for loose dsetrical connections, loose bonding 
strap connections, loose bolts, nuU end s crew s of 
any kind or location. Keep all these tight at all times. 
At bonding strap connections and certain other 
points special loekwashers with internal and external 
taeth are used, not only for locking the screw s , bolts 
or nuts securely, but also because th* teeth make 
good electrical contact with adjacent surfaces. Make 
sure such washers are used si proper places. 

d. Condensers.—The locations and capacities of 
suppression condensers are clearly shown on the 
wiring diagram (Fig. 14). Make sure all arc in plnre 
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and ltutl connection* are tight. They may lir re¬ 
moved and tested individually as any radio con* 
denser. Replace with new once any that teat open, 
aborted or of incorrect capacity. 

Bondtng Sitmp*. Make Mire that all bonding 
strai* are in [dare and in good order and that con* 
aertioit* are electrically good and mechanically se¬ 
cure. Hooding straps are used at the following points: 

ill One from engine block to capillary tube of 
Engine Water Temperature gauge. 

t2j One from control panel to generator end 

bell. 

i3j One from control panel to* housing at each 
•f the four shock mountings of the control panel. 

/. Commutmlort, Slip-Ring! and Bruit***.— 
Make sure that there is no abnormal arcing at the 
timer brudies. Commutators and slip-rings must 
be smooth and dean. Mica must be properly under¬ 
cut on the commutators of the exciter. All brushes 
must seat pro|*rly, with proper spring tensions and 
in positions. 

4- Ignition System — Check, clean and adjust 
the complete ignition system, including spark plugs. 


I'ay particular attention to high tension cables, to 
tbr distributor cap and rotor and to the ignition 
condenser that may be defective. Replace with new, 
any parts not in good order. Make sure the suppres¬ 
sors are on the high tension cables and in good order. 

*• Faulty Contact*.—\l switch or a-c circuit- 
breaker contacts are suspected of making poor con¬ 
tact. test one at a lime by connecting-a jumper 
acrosa its terminal when it is ia a normally closed 
position. Jf a switch or the a-c circuit-breaker tests 
defective, install a new one. A similar jumper lest 
may be made across the terminals of suspected con¬ 
tacts of a relay or the voltage regulator. Study the 
wiring diagram and make sure the jumper is used 
arrow the correct terminals and only while the con¬ 
tacts being tested are normally dosed. 

»■ lnl*rf«r»nc* trom Out*,d* Source* Poor 
commutation at a motor may result from overload, 
pour condition of commutator and brush assembly, 
or from low voltage at the motor due to too small 
line wires. Radio interference may mult. Defective 
lamps, transformers or appliances, or poor connec¬ 
tions anywhere on the load circuit may result in 
radio interference which must be corrected at its 
source. 
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52. Wirinfi Tables.— 

«. CrMra/.-lt is quite important that the line 
vim from the power unit to the load be targe enough 
to avoid urtuive drop in voltace between the power 
unit and the load. Various factors determine the 
correct size of wire, the chief factors being: the 
opera tine voltage; the permiaaabie voltage drop; 
the distance from the power unit to the load; the 
sparing of the vim; the amount and characteristics 
of the had. In the absence of definite specifications 
for mre axes for your particular requirements, the 
winng tables given in this paragraph can be used 


as s guide. These, tables are based on a vuiuqce drop 
of about 5 r J. or less. The tables are bused on the’ 
use of hard drawn copper wire. Incandescent lighting 
and resistance type heating are types of unity power 
factor loads. Inductive loads such as motors and 
transformers, wherein an alternating magnetic fiui 
is maintained in a mass of Iron, are Iwfb of lower 
power factor. The lower the power factor, the larger 
the wire that will be required, if other factors remain 
the same. One at of tables is baaed on an assumed 
power factor of 85*!;, a condition that might exist 
with a combination of resistance type and inductive 
type loads. 


b. Outride Wiring, 127-volt, Single-there Circuit, Unity to wee Factor Load. 


Load 

in 

Walts 

100 

200 

800 

Distance In Feet 

400 500 800 

700 

800 

900 

1000 

200 

10 

10 

• 10 

10 

10 

10 

10 

10 

10 

10 

500 

10 

10 

10 

10 

10 

10 

8 

8 

• 

1 

1000 

10 

10 

10 

8 

8 

8 

8 

8 

8 

4 

2000 

10 

8 

€ 

4 

4 

2 

2 

2 

2 

1 


c. Outride Wiring, 230-volt 

, 3-Fhaaa Circuit, 

15” tower Factor Load. 





Ltuft 

Amperes 


_ 


Distance In Feet 





ia 

P*f 










Watu 

Terminal 

100 

200 

300 

400 500 

600 

700 

800 

900 

1000 

10U0 

2.9 

8 

8 

8 

8 8 

8 

8 

8 


8 

2000 

5.8 

8 

8 

8 

8 8 

8 

8 

8 

8 

8 

3000 

8.8 

8 

8 

8 

8 8 

8 

8 

8 

8 


4000 

11J 

8 

8 

8 

8 8 

8 

8 

6 

6 

6 

5000 

14.8 

8 

® at 

8 

• 8 

8 

6 

6 

5 

6 

8000 

17J 

8 


8 

8 8 

6 

6 

5 

4 

4 

7000 

208 

8 

8 

8 

8 6 

6 

5 

4 

4 

4 

8000 

23.8 

8 

8 

• 

6 6 

6 

4 

4 

4 


8000 

26.7 

8 

8 

8 

f c 

4 

4 

4 



10000 

29.7 

8 

8 

8 

6 4 

4 

4 





4 Maximum Sale Carrying Capacitier of Wire* lot Inride Wiring.— 


Wire Sue * 

B*S Gauge 

Maxim tn 
Rubber 
Insulated 

■ Amperes 

No Rubber 
la Insulation 


24 

15 

20 


12 

20 

27 


10 

25 

27 


8 

35 

60 


6 

45 

85 


4 

55 

82 


2 

70 

100 


0 

100 

135 
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•. Other Wtting Cnnnder'mtienr. — On short 
line* and lor wiring inside of buildings lh« heating 
of the wire may be the determining (actor in select* 
ing the wire sue. The passage of current through the 
wire produces heat. The greater the current, or the 
smaller the wire, the greater will be the amount of 
heal produced. On most long, outside lines the value 
of the current in proportion to wire size is necessarily 
kept so low, to avoid eic ss si ve voltage drop, that 
the heating of the wire need not be considered. On 
short lines the low voltage drop may permit carrying 
currents so great that the beating of tbe wire is of 
great importance. Too high wire temperatures will 
cause rapid deterioration of insulation and in extreme 
cases may cause fires. The highest temperature at 
which a wire may be operated safely depends largely 
on tbe type of insulation. For instance, a rubber 
insulated wire cannot safely carry as great a current 
a weatherproof insulated wire of tbe same sire. 
It is recommended that reference be m ad e to a stand¬ 
ard wiring handbook for information regarding the 
safe carrying capacities of insulated wire. In the 
abs en ce of more complete information, the capacities 
given in the preceding table-*/, should not be ex¬ 
ceeded. In using flexible cables for power extensions 
follow the manufacturer's recommendations as to 
maximum carrying capacity. 


Si. Motors.— 

Motors require starting current far greater than 
their full load running current. Therefore, it is 
recommemhd that not larger than a & H.P.. 220- 
volt. 3-|*h.«M- motor be used with the power unit. 
Single-phaMe motors usually are designed so that 
they may be connected fur either llS-vuit or 230- 
vott service. Fur u.-e with this power unit, such 
motors should lie connected for 234-volt service and 
it is recommended that no larger than a 2 If.P., 
single-phase motor be used. A limited number of 
•ingle-phase, 115-volt, fractional-horsepower motors 
may be used on the 127-volt output of the power 
unit if the motors and the types of service will 
permit the diflereni operating characteristics which 
will result from the somewhat higher voltage. Single¬ 
phase motors should be of the repulsion-induction 
type wherever practicable. Capacitor type single- 
phase motors may be used in many instances. Avoid 
the use of split-phase motors when practicable. Select 
motors of such sizes as will operate at approximately 
full load. Motors too large (or their loads, and motors 
allowed to nan without loud result in low power 
factor loads. Avoid it wherever practicable. If the 
entire full load output of the power unit is used to 
drive motors, the motors should he started singly 
or in small groups so as not to throw- the combined 
starting load on at one time. 



MODEL 

JWC4-10S-3 


THIS GENERATING SET WAS POW¬ 
ERED BY A WILLYS JEEP ENGINE. 

FOR PARTS OTHER THAN ONAN 
CONTACT THE PRIME MANUFAC¬ 
TURER. 




FIG. 43 LUBRICATION CHART AND ASSEMBLY OUTLINE 
























































FIG. 44 CYLINDER, MANIFOLD AND EXHAUST GROUP 



FIG. 45 TIMING CHAIN COVER, FLYWHEEL, BEARINGS AND CRANK GROUP 
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FIG. 49 OIL PUMP GROUP 



FIG. SO OIL PAN AND FILLER TUBE GROUP 







FIG A6 CAMSHAFT ANO VALVE GROUP 



FIG. 47 CRANKSHAFT ANO CONNECTING ROO GROUP 




FIG. 51 RADIATOR, FAN AND IDLER PULLEY GROUP 



FIG. 52 WATER PUMP GROUP - 





FIG. 54 CARBURETOR PARTS GROUP 


FIG. 55 AIR CLEANER 
PARTS GROUP 











FIG. 57 GOVERNOR PARTS GROUP 





FIG. SB IGNITION UNIT PARTS GROUP 



FIG. 39 IGNITION SYSTEM-MISCELLANEOUS GROUP 
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FIG. 60 GENERATOR GROUP 








FIG. 61 CONTROL GROUP 












FIG. 62 HOUSING GROUP 
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PACTLRrr. i» NAMES AND ADDRESSES 


iation Name and Address 

A.C. Spark Plug Company 
General Motors Division 
General Motors Corp. 

Flint, Michigan 

1 Arrow-Hart & Hegeman Elec. Co. 

Hartford, Connecticut 

0 American Radiator Co. 

Sanitation Building 
Pittsburg, Pennsylvania 

Armstrong Cork Company 
515 Plymouth Building 
Minneapolis, Minnesota 

Electric Autolite Company 
4900 Chrysler Building 
New York, N.Y. 

Barcol Mfg. Co. 

225 Louisiana St. 

Buffalo, New York 

S V. Bassick Co. 

Bridgeport, Conn. 

Bonney Forge & Tool Wks. 
Allentown, Pa. 

Burke Electric Co. 

Erie, Pennsylvania 

Carter Carburetor Corp. 

2850-56 North Spring Ave. 

St. Louis, Mo. 

Champion Spark Plug Co. 

Toledo, Ohio 

R. W. Cramer Company 
Centerbrook, Connecticut 

Cutler Hammer, Inc. 

315 N. 12th Street 
Milwaukee, Wisconsin 

P. R. Mallory & Co. 

3029 East Washington St. 
Indianapolis, Ind. 

New Departure 

Division General Motors Corp. 

Bristol, Conn. 

Durkee Atwood Co. 

215 N.E. 7th Street 
Minneapolis, Minnesota 


Abbreviation Name and Address 

El 

Eizemann Magnelo Corp. 
New York, N.Y. 

EU 

Electric Utilities Co. 

2900 S. Mich. Blvd. 
Chicago, Ill. 

GA 

Gamble Stores—No. 102 

111 S. 6th St. 

Minneapolis, Minnesota 

GO 

B. F. Goodrich Co. 

2800 Tennyson Road 
Cleveland, Ohio 

GRA 

Grant Battery Co. 

226 N. Second St. 
Minneapolis, Minnesota 

HO 

Hoover Ball & Bearing Co. 
Ann Arbor, Michigan 

HU 

Hubbel Manufacturing Co. 
Bridgeport, Connecticut 

IL 

Illinois Coil Spring Co. 

2100 North Major Avenue 
Chicago, Illinois 

IND 

Independence Rubber Co. 
665 W. Washington Blvd. 
Chicago, Illinois 

JBT 

J. B. T. Instrument Co. 
New Haven, Connecticut 

KI 

King Seely Corp. 

Ann Arbor, Michigan 

LI 

Link Belt Co., 

Indianapolis, Ind., 

Chicago, Illinois, 
Philadelphia, Pa., 

Dallas, Texas, 

Atlanta, Georgia, 

San Francisco, Calif., 
Toronto, Ont., Canada. 

MA 

Marlin Rockwell Corp. 
Jamestown, N.Y. 

MI 

Minn. Mining & Mfg. Co. 
900 Fauqier Ave. 

St. Paul Minnesota 


MANUFACTURER’S NAMES AND ADDRESSES 


Abbreviation Name and Address 

OA 

Oakes Products Div. 

Houdaille Hershey Corp. 

Detroit Mich. 

OH 

Ohmite Mfg. Co. 

4835 W. Flournoy St. 

Chicago, Illinois 

ON 

D. W. Onan & Sons 

43 Royalston Ave. No. 
Minneapolis, Minn. 

PER 

Perfex Corporation 

Milwaukee, Wisconsin 

PI 

Pierce Gov. Co. 

Anderson, Indiana 

POC 

Pure Oil Company 

1306 S. 1st Street 

Minneapolis, Minn. 

PR 

Precision Machine Works, Inc. 

14 S. 9th Street 

Minneapolis, Minnesota 

PU-CA 

Pure Carbon Co., Inc. 

Sl Marys, Penna. 

PUR 

Purolator Products, Inc. 
Frelinghuysen Ave. & Empire St. 
Newark, New Jersey 

RBM 

RBM Mfg. Co. 

1601 Wall Street 

Fort Wayne, lnd. 

SC 

Schwitzer Cummins Company 
Indianapolis, Indiana 


Abbreviation Name and Addre 


SI 

Simpson Electric Co. 
5216-18 W. Kinzie St. 
Chicago, Illinois 

SM . 

S & M Tire & Auto Supp! 
1301 Hennepin Avenue 
Minneapolis, Minnesota 

SQ 

Square D Mfg. Co. 

6060 Rivard Street 
Detroit, Michigan 

TI 

Tilotson Mfg. Co. 

Toledo, Ohio 

TIN 

Tinnerman Products 

2429 University Ave. 

St. Paul, Minnesota 

US 

U. S. Gauge Company 

44 Beaver Street 

New York, N.Y. 

VL 

Vlcheck Tool Co. 

15 N. Jefferson St. 

Chicago, Illinois 

WA 

Walker Mfg. Co. 

Michigan Div. 

Jackson, Michigan 

WE 

The Weatherhead Co. 

300 East 131st St. 
Cleveland, Ohio 

WHI 

White Rogers 

St. Louis, Missouri 

WIL 

Willys-Overland Motors, I 
Toledo, Ohio 



